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MORE IMPORTANT STAGES IN EVOLUTION
OF OPINIONS ON FORMATION OF ICE-MARGINAL STREAMWAY

1. The ice-marginal streamway ¥ drained by the Lower Note¢ and the
Lower Warta, also known as the Torun—Eberswalde ice-marginal
streamway belongs to the largest valley forms in the postglacial low-
land. Neither of the localities appearing in the name of this streamway
describes its range. The head of this old valley should be looked for
farer to the East, either in the valley of the Lower Drweca or in the
valley of the Vistula upstream of Torun and, further on, in the
valley of the Lower Narew. On the other hand, westwards of the Odra
and of the valley gap near Eberswalde (,,The Eberswalde Gate') this
ice-marginal streamway is continued in the present valleys ci the Finow,
Rhin and Havel rivers, which ultimately join the valley of the Elte
river. The term used in the title of the present paper has been chosen
due to the fact that the ice-marginal streamway under discussion is now
drained mainly by the Note¢ and Warta rivers.

This ice-marginal streamway, while markedly variable both in gra-
dient and width, and alternately revealing narrow stretches of gap type
and extensive basin-shaped widenings, is drained by numerous rivers;
even so, it clearly constitutes a unity. The first to notice this was
H. Girard, as early as one hundred years ago (23); this author gave
a description of the plateau spread between the Elbe and the Vistula
and of the valleys extending in an east-west direction in this plateau.
Aiter O. Torell (1875) had established the fact of the glaciation cf
considerable areas of Europe by the Scandinavian inland ice, G. Be-
rendt (6) was the first to draw a map of the Notec—Warta ice-margi-
nal streamway. He connected the formation of ice-marginal streamways
on the postglacial lowland with the obstructions which river waters met
in their northwards run-off while inland ice was present on the lowland
and gradually withidrawing. When the lowland had been liberated from
its ice covering, the rivers resumed their original, i. e. northward, direc-
tion of flow.

K. Keilhack (28, 29) was the first to reach the conclusion that
the Note¢c—Warta ice-marginal streamway is genetically connected with

* Polish ,pradolina”, German ,.Urstromtal”.



8 Rajmund Galon

the presence of inland ice during the Pomeranian stage, and that it
constituted the path along which meltwater flowed away during this
stage. Within this valley he observed two dammed lakes, of Torun
and of Kostrzym (Kistrin), indicated by basin-shaped widenings of the
valley and known as Torun Basin * and Gorzow (Kostrzyn) Basin **; in
these basins the main terrace, formed during the period of the fluvio-
glacial run-off, is not inclined or only slightly. According to Keithack's
observation, this terrace lies at the altitude of 70 to 75 m. in the area
of the former Torun dammed lake, while along the former Kostrzyn
lake it lies on a height of 35 to 45 m. The valley gap near Eberswalde
is situated at a similar height.

From the Kostrzyn dammed lake, of some 40 meters’' depth, in which
not only waters of the ice-marginal streamway flowing from the East,
but also Odra waters accumulated, the outflow took place through the
valley gap near Eberswalde, the so-called Eberswalde Gate. Keilhack
failed to explain, in a convincing fashion, the absence of glacial lake
sediments in the Kostrzyn Basin, or to explain the fact that the main
valley terrace in the gap near Eberswalde, thus west of the Kostrzyn
Basin, shows a rise of several meters (a valley watershed).

G. Maas (52 disputes the concept of a genetic uniformity of the
ice-marginal streamway and its connection with the Pomeranian stage,
expressing the opinion that this valley is composed of several basins,
previously separated from each other by terminal moraines. A number
of later authors have also contested the uniformity of the valley line,
in particular its comprising the valley gap near Eberswalde (,,The Ebers-
walde Gate") due to its abnormal height; they also challenge the con-
cept of connecting the ice-marginal streamway genetically with the end
moraines of the Pomeranian stage (E. Wunderlich, O. Schnei-
der, P. G. Krause, S. Zeuner, G. Schulz, F. Solger, B. Be-
schoren, K. v. Biilow). On the other hand, Wahnschaffe
(74, 75) agrees with Keilhack as to the existence of a continuous course
of the ice-marginal streamway, comprising the widely discussed valley
section near Eberswalde toc, whereas, in his opinion, the Kostrzyn
dammed lake has been at a higher situation. Wahnschaffe regards the
present-day bottom of the valley as the result of postglacial erosion by
the Odra river.

Thus the discussion as to the origin of the outwash valley has dealt
rather with its western part, i. e. the Kostrzyn Basin, together with the

* Also called the Torun—Bydgoszcz Valley Basin.

** This enormous depression extends on both sides of the Odra. It is customary
to refer to its part situated on Polish territory as the Gorzow Basin, while the basin
as a whole is called the Kostrzyn (Kiistrin) Basin.
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adjoining valley gap near Eberswalde, the morphological situation of
which does not correspond to any concepts of a genetic uniformity of
the ice-marginal streamway. Attempts, however were still continued to
explain the formation of the ice-marginal streamway, in its western
phrt, with the conception of a uniform run-off.

Of more recent authors, H. Louis (51) concedes the uniform cha-
racter of the ice-marginal streamway. In his opinion, the Kostrzyn (Go-
rzow) Basin was, at that time, filled with dead ice, due to which
meltwater flowed out westwards through the narrow gap of the ice-mar-
ginal streamway near Eberswalde. The swelling of the streamway
terrace at that spot (the valley watershed at Zerpenschleuse) he regards
as having been caused by some small tectonic movement.

A similar opinion has been expressed by Woldstedt (79). He
rejects the hitherto prevalent concept of the Kostrzyn Basin, having
been a dammed lake, while assuming this vast form to have been filled
witch dead ice. During the Pomeranian stage there was formed, in the
Torun—Eberswalde ice-marginal streamway, a uniform erosive ter-
race, the so-called main Baltic terrace, extending westwards through
the valley gap near Eberswalde. At that time, the waters of the Odra
still continued to {low down the Warsaw—Berlin ice-marginal stream-
way. Instead of the present valley of the Lower Odra there existed
a subglacial channel draining of the waters into the Torun—Eberswalde
ice-marginal streamway. Like Louis, Woldstedt ascribes the valley wa-
tershed in the valley gap to a tectonic uplift.

Woldstedt's reasoning is resumed by H. G. Ost (38, 59) who, inve-
stigating the outwash plains of the Gwda and Drawa rivers, established
their connection, on the one hand, with end moraines of the Pomeranian
stage and, on the other hand, with the main terrace of the ice-marginal
streamway which, in numerous places reveals ice contacts (kame terra-
ces). At the same time, however, Ost calls attention to the genetically
complicated character cf the ice-marginal streamway.

Among the most recent papers concerning the western part of the
ice-marginal streamway, in particular of the Kostrzyn Basin, one oi the
most outstanding is a contribution by H. Liedtk e (48, 49), which puis
an end to the controversy on the problem of the run-off of streamway
waters through the gap in this valley near Eberswalde. Like Louis and
Woldstedt, this author assumes the entire Kostrzyn Basin having been
filled with dead ice; meltwater could, therefore without any difficulty
overflow this depression, as evidenced by outwash tracks suddenly
breaking off at the northern and north-western side of the Basin, and
continuing on the southern and western side of this vast form.
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Liedtke envisages the development of the western part of the valley
under consideration (the Warta ice-marginal streamway) in three stages.
During the Pomeranian stage, meltwater made its way over the present
Kostrzyn Basin south and westwards along various tracks, principally
through the present gap of the Odra valley and the valley near Buckow
(Rotes Luchj, towards the Warsaw—Berlin ice-marginal streamway.
During the stage of the gradual recession of the inland ice, succeedingy
the Pomeranian stage, meltwater flowing both from the north from
the nearby inland ice, and from the east in the Note¢—Warta stream-
way, ran mainly westwards through the valley narrow near Eberswalde.
Finally, during the third stage, when the inland ice had already receded
into ithe area of the present Szczecin Lagoon (haff), the waters of the
Warla ice-marginal streamway made their way exclusively northwards,
through the present valley of the Lower Odra and the Randow river,
and then westwards, along one of the Mecklenburg ice-marginal stream-
ways. Consequently, H. Liedike distinguishes two ice-marginal stream-
ways, the Torun—Eberswalde streamway and the Note¢—Randow
streamway, he reaches the conclusion that, at a time when in the
eastern part of the ice-marginal streamway meltwater continued to flow
away from inland ice to the streamway, the more rapid recession of the
inland ice in the west caused, the water there io make its way north-
wards. H. Liedtke attempted to demonstrate that the swelling of the
bottom of the ice-marginal streamway west of Eberswalde were not
caused by any tectomic uplift, but simply represent a periglacial alluvial
cone of the Havel river (4 to 6 m. height).

Mention should be made of the research conducted by L. Pilar-
czyk (62) in the area of the Gorzéw Basin, dealing principally with the
valley of the Klodawka river, which joins the Warta ice-marginal
streamway near Gorzow, as well as with the terraces of this old valley
in that region. The author describes the terraces cf the Klodawka valley
and compares them with the terraces of the ice-marginal streamway in
the light of existing German investigations. The Klodawka is a typical
outwash river, just like the Gwda and the Brda rivers. The morpholo-
gical investigations of lateral valleys leading into the ice-marginal
streamway are a valuable supplement to the studies dealing with terra-
ces in the streamway, where such terraces, on the whole, appear bat
fragmentarily.

A fundamental evolution of views has taken place in the controversy
on the origin of the ice-marginal streamway and, more particularly,
of its western part, including the Kostrzyn Basin. The assumption of the
existence of a deep dammed lake, which has made it possible for the
waters of the ice-marginal streamway to pass the valley narrow near
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Eberswalde, has been superseded by a thesis which assumes an erosio-
nal cutting of the basin by the waters of the Odra and Warta. This
thesis, in turn, has been replaced by a concept in which the principal
part is played by dead ice which at one time filled this extensive bas'n.

2. The deliberations mentioned above on the origin of the Note¢—
—Warta ice-marginal streamway and on its relation to the recession of
the inland ice, mostly referred to the western part of the streamway
under consideration. For, indeed, the fundamental cognition of the
origin of the Note¢—Warta ice-marginal streamway depended on the
explanation of the role played in the draining of the ice-marginal
streamway by the valley gap near Eberswalde. How did investigation
and discussion of the origin of the eastern part of the outwash valley
simultaneously proceed? Just as, in the west, the Kostrzyn (Gorzow)
Basin, so in the east the Torun Basin evoked the greatest interest
among, geologists. For many years K. Keilhack's concept of an ice-
-dammed lake weighed heavily on the explanaticn of the origin of the
outwash valley. But, even before him, in 1878, B. Berendt (6) pre-
pared a map of the ice-marginal streamway, marking in this area two
moraine islands, situated in the Torun Basin and south of Naklo; he also
discussed the problem of the northward diversion of the Vistula. Both
P. Sonntag (70) and A. Jentzsch (26) proved to be partisans of
the concept of the Torun Basin having been a dammed lake. In Sonn-
tag's opinion, this lake existed owing to end moraines blocking the
waters from flowing westwards. At the same time, however, this dam-
med lake was alimented by waters flowing from the north, from the
»Grudzigdz dammed lake'. The terrace, seventy-metres high, he sup-
poses to be a trace of the dammed lake in the Torun Basin. At a la'er
date, when the dammed lake started to drain westwards, the water sur-
face dropped to 55 metres a. s. 1. The diversion of the waters of the
Vistula towards the north this author assumes to have taken place due
to river capture. At that time, the Vistula already flowed at a level of
42 melers a. s. 1.

Among Polish geographers, St. Lencewicz (45) was the first to
show interest in the so-called Torun dainmed lake. He demonstrated
the {allacy of the dammed lake concept with regard to the Torun Basin
and, in turn, expressed the opinion that the ice-marginal streamway,
formed during the Pomeranian stage was glaciated a second time with
the ice lobe reaching as far as Plock, as indicated by recent glacial
forms occuring in the Plock Basin. Subsequent to the shrinking of the
glacier, the Vistula shaped a new, narrower track through the Torun
Basin. The morainc island within the Basin is a deposit of this glacier
oscillation, while, in the opinion of both St. Lencewicz and A. Zie -
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hoffer (85), the northward diversion of the Vistula was caused, by
the uplift of the substratum on the Note¢—Brda watershed, west
of Bydgoszcz (an analogy with the valley watershed west of Ebers-
waldel).

In his morphological study concerned the Kujawy region, R. Ga-
lon (13) assumed the existence of an ice-marginal streamway even
before the last glaciation. At that time there existed, both in its area and
on adjacent lands, more particularly so in the region of Aleksandrow
Kujawski, Torun, Gniewkowo, Bydgoszcz and Chelmno, a gigantic ice-
dammed lake, in which inter-morainic varved clays had deposited,
such as are met with here and in other localities. In the north the
boundary of the ancient ice-marginal streamway was the Naklo moraine
plateau edge, in the south the Szaradowo—Barcin moraine plateau edge.
After the last glaciation, when the inland ice had receded {o the area
of the Pomeranian Lake District, the ice-marginal streamway was reju-
venated, though in a diminished form. Its southern boundary, within
the Torun Basin, was the Samokleski edge (lower by some 10 to 15
metres than the Naklo edge). When the edge of the inland ice had
reached the area of the Baltic, the waters of the Vistula were diverted
northwards, along the same way by which so far the glacial watershad
flowed in the opposite direction.

Thus R. Galon, like St. Lencewicz, has rejected the concept of a dam-
med lake to explain the widening of the ice-marginal streamway
between Aleksandrow Kujawski and Naklo, while admitting, on the
other hand, the existence, in the last interglacial, of an ice-dammed lake
of dimensions exceeding those of the present-day basin. The nearly
horizontal surface of the upper terrace, the so-called dammed-lake
terrace, or streamway terrace, is explained by R. Galon as follows.
The bifurcation of both river and young valley of the Vistula by the
moraine island, situated near Bydgoszcz, led to a division of the course
which, in turn, caused a decrease of river erosion in this valley section.
At any rate, the existence of a basin-shaped widening of the ice-margi-
nal streamway near Torun does not prove the existence of any kind
of dammed lake. It is merely the result of the division of the river
and of {luvial erosion, without any features of a lake basin.

The problem of the origin of the ice-marginal streamwayand, more
particularly, of its basin-shaped widening, is examined again in R. Ga-
lon's next contributions (16, 17). His fundamental view concerning the
origin of this streamway is unchanged. On the other hamd, more
recent research proved the existence of a considerable number of terra-
ces established first in the region of Bydgoszcz and Fordon. The fact
came to light that the upper terrace, hitherto by all investigators con-
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sidered to be an ice-marginal streamway terrace, appears both in the
ice-marginal streamway west of Bydgoszcz, and in the valley of the
Lower Vistula near Grudzigdz. At any rate, this terrace developed only
after the Vistula had been diverted towards the ice-dammed lake of
Gdansk or the Baltic, meanwhile developed into an open sea. The out-
wash terrace along the Brda valley not only breaks off north of Byd-
goszcz, above the middle terrace of the ice-marginal streamway but it
also is higher than the upper terrace of ‘the Brda valley, which passes
into the upper terrace of the ice-marginal streamway (13).

Examining the dunes of the Torun Basin, W. Mroézek (54) deter-
mined the exact shape of the moraine island within this basin; this
moraine plateau proved to be considerably smaller than had been
thought so far; most important of all, this'author found, emerging from
under the dune covering, a terrace fragment which may be considered
a continuation of the outwash terrace of the Brda, or else of its trans-
ition step within the ice-marginal streamway. Consequently, the existen-
ce of a genetic connection of the Pomeraniam stage of the last glaciation
and the outwash of the Brda river with the ice-marginal streamway
of the Note¢c—Warta has definitely been established.

3. Relatively little research has been carried out within the ice-
marginal streamway of the Notec—Warta between the basins descri-
bed above, or the dammed lakes, according to the original conception
of the diluvialists. These studies comprised mostly a detailed geological
mapping, made by A. Jentzsch, J. Korn, RR. Cromer and
other Prussian geologists, with appropriate explanations, but without
any possibility of embracing problems of a larger area of the ice-mar-
ginal streamway. J. Korn (35) was the only one to describe a larger
area, adjacent to the ice-marginal streamway between the Odra lobe
and the Gwda river. He established the existence of a small number
of minor end-moraine belts in the foreland of the Pomeranian stage,
and called attention to the outwash plains of the Drawa and the Gwda.
According to Korn's research, in the course of the recession of the
inland ice to the line of the moraines of the Pomeranian stage, a sepa-
rate glacier lobe was formed which he calls the Drawa—Gwda Lobe.
Korn has demonstrated that, independently of the outwash fields connec-
ted with the Pomeranian stage, there existed, in the neighbourhood of
the ice-marginal sireamway, older outwash plains, resembling valley
terraces (incidentally they are interpreted in this way by some investi-
gators) and connected with nearby end moraines. This accumulation of
outwash deposits has more than once been the cause of a stagnation
of waters within the ice-marginal streamway and of the formation of
dammed lakes of short duration.
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H. H Ost (588, 59), mentioned previously, resumed the study of
outwash problems already outlined by Korn, distinguishing, near the
ice-marginal streamway, pre-Baltic outwash plains connected with the
adjoining phases of the recession period inland ice, and Baltic terraces,
incised into the pre-Baltic plains and corresponding to the outwash
plains of the Gwda and Drawa; these terraces are genetically connected
with the Pomeranian (Baltic) stage. Ost describes in detail the basin-like
widening of the ice-marginal streamway in the area of the Gwda mouth
(the Ujscie—Pila Basin or Ujscie Basin), and in the area of the Drawa
mouth; he assumes then to have been filled with dead ice, as os!ensibly
indicated by kame terraces. On the Baltic terraces, both in the ice-
marginal streamway and in the basin, post-Baltic terraces were incised,
and melting kettles and subglacial channels appeared.

St. Kozarski and J. Szupryczynski (37) have filled the
last breach existing in the detailed description of the whole length of
the ice-marginal streamway, by analyzing the terraces situated in the
Note¢ ice-marginal streamway, between the Torun Basin and the Ujscie
Basin, and by comparing the terraces of both these basins. In the dis-
cussed section of the ice-marginal streamway they found remnants of
the highest ice-marginal streamway terrace, corresponding to the outwash
terrace of the Brda i, e. to the Baltic terrace of the Gwda, which repre-
sents the most ancient run-off in the ice-marginal streamway. Conse-
quently, Kozarski and Szupryczynski also confirm the genetic connec-
tion between the ice-marginal streamway of the Note¢ and the Pome-
ranian stage. St. Kozarski (39) resumes the problem of the terraces in
the ice-marginal streamway, in the section between Ujscie and Czarn-
kow, investigating the cutwash plain south of Chodziez and particularly,
the end moraines in the neighbourhood of Czarnkow and Chodziez. They
have the character of thrust moraines, and the author regards the
widening in the ice-marginal streamway adjacent to the Chodziez
moraines in the north, as a terminal depression of the ice lobe, formed
between the Poznan stage and the Pomeranian stage. somewhat earlier
Ost expressed the same opinion. J. Szupryczynski (73) determined that
obvious moraine elevations northwards bordering on the ice-marginal
streamway, such as e. g. Debowa Gora, also have the character of thrust
moraines, containing floe (xenolith) of the Tertiary clays.

In order to explain the development of the ice-marginal streamway
of the Notec in the section between the Torun Basin and the Ujscie
Basin, we should also take intoc account the important although unpu-
blished contribution by L. Sytnik (72), concerning terraces of the
Lobzonka valley, a tributary of the Note¢ ice-marginal streamway south
of Wyrzysk, and a similar contribution by K. Kozlinska (40) con-
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cerning the valley of the Orla, which at its mouth, joins the Lobzonka.
Like the above-mentioned terraces of the Ktodawka valley near Gorzow,
the terraces of both the latter valleys facilitate determination of terrace
in the ice-marginal streamway.

A separate group of contributions on the ice-marginal streamway
represent studies devoted to the morphology and geology of the bottom
of the ice-marginal streamway. Liebenau's manuscript contributicm
(47) written in 1885 is the first to supply information concerning a fossil
valley within the ice-marginal streamway in the Bydgoszcz region,
incised into Tertiary sediments and filled with Quaternary deposits.
M. Zurawski's comment (86), based on numerous cores of torings:
carried out in Bydgoszcz for building purposes, confirms this discovery.

On the basis of the borings, supervised by J. Pacowska and carried
out in the ice-marginal streamway of the Note¢ river and the adjoining
moraine plateau on both its banks, near Wyrzysk, St. Gadomska (12)
has pointed out the existence of three layers of glacial accumulation se-
parated by fluvial and ice-dammed lake deposits. The two upper series
of glacial sediments belong to the last glaciation. The ice-marginal
streamway waters connected with the Pomeranian stage of the last gla-
ciation have cut into the complex of Quaternary and Fliocene depcsits,
reaching right down to the Miocene. The bottom of the ice-marginal
streamway lying at 3 m. a. s. 1., has been filled with ice-barrage, flu-
vioglacial, fluvial and organogenic sediments of a total thickness of
42.5 metres. In the Gorzow Basin, on the other hand, according to the
above-mentioned research of L. Pilarczyk (62), the thickness of
deposits, mostly Holocene, filling the bottom of the ice-marginal stream-
way, reaches 9 m.

Cn the basis of 1070 peat soundings, T. Churski (10) managed
to reconstruct, between Bydgoszcz and Santok the surface of the bottome
of the ice-marginal streamway from under its covering of organogenic
sediments showing there alluvial cones of the Note¢ and Gwda, melting
formes (kettles), river cut offs and aeolian formations. Subsequently,
analyzing the organogenic sediments, T. Churski indicates the gradual
inundation of the ice-marginal sireamway pointing oui areas where
stagnant walers had existed from the moment when the waters of the:
Vistula took a shorter northward way along the valley of the Lower
Vistula.

4. From the above survey of the numerous and varied studies
carried out hitherto on the ice-marginal streamway of the Notec—

Warta, a number of conclusions of a more general character may be
drained.
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a) K. Keilhack's dammed lake conception has definitely been
overthrown; according to this concept, there existed, within the ice-
marginal streamway, dammed lakes collecting both meltwater and
river water, in particular the Torun Lake and the Kostrzyn Lake. At
the same time it has been found that in numerous places of the ice-mar-
ginal streamway, more particularly so in the Ujscie Basin, in the mouth
basin of the Drawa and in the Kostrzyn Basin, there accumulated com-
pact masses of dead ice, preserving vast valley areas from being
aggraded by material carried by the ice-margiral streamway and by
outwash waters.

Consequently, differences are clearly in evidence as to the origin
of various basins or widenings of the ice-marginal streamway, parti-
cularly these situated between the Torun Basin with its numerous flu-
vial terraces, its relatively few melting forms, and its isolated moraine
plateau on the one hand and, on the other hand, the Kostrzyn Basin
with its wide valley floor, once filled with dead ice and showing rela-
tively few terraces, the latter of which have, in the opinion of the aut-
hors above mentioned, mostly the character of kame terraces. Both the
Ujscie Basin and the Drawa Basin connect, in an indirect way, the
features of both extreme basins representing wide-spread valley
junctions.

b) It appears that the ice-marginal streamway, cutting through nu-
merous previously formed outwash plains, forms a compact morpho-
logical unit, even though it is composed of genetically different segments.
Indeed, drainage, by the ice-marginal stteamway went forth in a more
complicated, more evolutionary, way than had hitherto been assumed.

c) The genetic connection between the Pomeranian stage of the last
glaciation and the ice-marginal streamway, through the outwash tracks
of the Brda, Gwda and Drawa and a number of smaller outwash valleys,
has definitely been established, and in the ice-marginal streamway the
main terrace corresponding to this ice-marginal streamway (proglacial)
phase has been investigated. H. Louis called this terrace ,,Urstromtal-
terrasse’’, H. Liedtke ,Hauptterrasse', H. G. Ost the Baltic terrace,
R. Galon the outwash terrace, St. Kozarski and J. Szupryczynski simply
the upper terrace.

d) The upper terrace of the Torun Basin, formerly misnamed ice-mar-
ginal streamway terrace, or even considered the bottom of an dammed
lake, was not formed until the waters of the Vistula already partly made
their way (bifurcation!) northwards, to the Gdansk ice-dammed lake.
Therefore, this terrace is younger than the Pomeranian stage.

e) In the ice-marginal streamway there appear a considerable num-
ber of younger valley terraces, connected with terraces of subsidiary
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valleys of tributaries io the ice-marginal streamway, in particular the
valleys of the Drweca, Brda, Gwda, Drawa, and several smaller ones.

f) From more recent investigations of H. Liedtke it appears that the
valley watershed in the ice-marginal streamway, situated west of Ebers-
walde, is not the result of some minor tectonic uplift (some 4 to 6 high),
but concurs with the alluvial cone of the Havel river which here
entered the ice-marginal streamway from the north. Thus were thwarted
the arguments in favour of the previous theory, accepted also with
regard to other valley watersheds on the glacial lowland, such as the
watershed between the Brda and Note¢ in the ice-marginal streamway
west of Bydgoszcz. However, in my cpinion it should be emphasized
that the cone of the Havel river built near Eberswalde in the marginal
streamway could in no manner be the cause of turning the waters north-
wards into the present-day valley of the Lower Odra river — but that
it rather might be the effect brought about by this diversion.

5. May we assume that the studies of the Note¢—Warta ice-marginal
streamway, as presented above, fully solve the hitherto d'scussed
geomorphological problems, and are further investigations jusli‘iad?
There can be no doubt that we now posess a morphological picture ot
the entire ice-marginal streamway (within narrower boundaries), since
St. Kozarski and J. Szupryczynski recently investigated the
section of the ice-marginal streamway between the Brda and the Gwda,
while H. Liedtke threw new light upon the development of the
Late-Pleistocene valley junction in the area of the Kostrzyn Basin.

The below-mentioned problems, however, continue to remain unsol-
ved, and desirable seen to be the following studies:

a) an ‘exact investigation of the structure of the Pleistocene and
Holocene terraces within the ice-marginal streamway and its tributary
valleys, as well as a description of the sediments tilling the bottom of
the ice-marginal streamway, in order to define the successive develop-
ment stages of the entire ice-marginal streamway including both its
extreme valley junctions i. e. the Torun Basin and Kostrzyn Basin,

b) further studies, whether the flow of waters in the entire ice-mar-
ginal streamway has been simultaneous with the Pomeranian stage,

c) examination of the relation between the diversion of the Vistula
and the diversion of the Odra,

d) further studies on the part played by dead ice in the development
of the ice-marginal streamway and of forms within this streamway,

e) investigation of the relation between the ice-marginal streamway
and the geological structure of its adjoining areas,

2 — Prace geograficzne
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f) determination of the importance of the ice-marginal streamway of
the Note¢—Warta in the gradual drainage of the valley system on the
entire Polish Lowland, both during and after the Pomeranian stage,

g) drawing an exact cartographic picture of morphological condi-
tions of the entire ice-marginal streamway, in particular of its valley
terraces.

The author of the present paper has been conducting geological and
geomorphological field work in the ice-marginal streamway between
Bydgoszcz and Kostrzyn for a considerable number of years, although
with numerous interruptions caused by more urgent scientific activi-
ties *. In the meantime, a number of publications have appeared conta-
ining the results cf new investigations, frequently coincident with the
results of the author's own field work (contributions by St. Kozarski
and J. Szupryczynski), while other contributions constitute a wvalu-
able supplement to the author's own research, and facilitate the dis-
cussion of a considerable number of problems (e. g.. contributions
published by W. Mroézek, L. Pilarczyk, T. Bartkowski).

TERRACES OF ICE-MARGINAL STREAMWAY

In the ice-marginal streamway of the Note¢—Warta there appear
two kinds of terrace levels, namely terraces connected with the ice-mar-
ginal streamway waters, i. e. the run-off of fluvial and outwash waters
together, thus Pleistocene terraces, and terraces connected with river
drainage, i. e. Holocene terraces. These same terraces also appear in
valleys tributary to the ice-marginal streamway, in particular in the
valleys of the Brda, Gwda, Drawa, and in a number of smaller valleys.
All the terraces in the tributary valleys are inclined towards the ice-
marginal streamway, and in the ice-marginal streamway itself they
incline westwards. Only within both extreme basins, especially within
the Torun Basin, the surface of few terraces is nearly horizontal. In
view of the Pleistocene origin of the great valley form under discussion,
and the relatively small part played by Holocene fluvial processes in
the further (erosive) transformation of the ice-marginal streamway,
the description of the terraces deals principally with the ice-marg:nal
streamway terraces proper, and subsequently only with fluvial terraces.

* In the course of my field work I have often availed myself of the helo of my
assistant lecturers, in particular of T. Celmer, M, Liberacki and J. Szupry-
czynski; to all of them I wish to express my gratitude.
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ICE—MARGINAL STREAMWAY TERRACE (V)
OR 18—25-METRE TERRACE

The ice-marginal streamway terrace or outwash terrace represents
the highest and oldest terrace level in the ice-marginal streamway;
on this level outwash waters once mixed with fluvial (Vistula) waters.
Near Bydgoszcz, this terrace makes its appearance as outwash terrace
of the Brda, at an absolute altitude of 80 m., breaking off above the
middle terrace of the ice-marginal streamway. Here, outwash terrace
has a rather erosive character. The boulder clay almost reaches the
surface of the terrace built of sands with a scanty admixture of pebbles.
In the ice-marginal streamway or, to be exact, in the Torun Basin
there is, at first, no continuation of this terrace level. For, indeed, the
remnant of a terrace discovered by W. Mroézek, in the midst of
some dunes (54) south of Bydgoszcz, at an absolute altitude of 75 m,,
probably belongs, contrary to views formerly held, already to the next
terrace. It seems possible that the fragment of a terrace described by
W.Mrozek, situated near Aleksandrow Kujawski in the ice-marginal
streamway at an absolute altitude of 81 m., represents the counterpart
of the outwash terrace of the Brda, and consequently represents the
oldest bottom of the ice-marginal streamway seen from the Vistula.
In the ice-marginal streamway west of Bydgoszcz, on the surface of the
subsequent terrace, there appear small fragments of this highest ter-
race, first described by St. Kozarski and J.Szupryczynski (37
as an upper terrace (IV). Such remnants have been preserved at Naklo,
at 77 m. a. s. 1., on the northern bank of the Note¢, and near Laskownica
(75 m. a. s. 1), at Borowa Goéra (73 m. a. s. 1.) and at Strzelce (72 m.
a. s. 1), on the left bank of the Note¢. The previously mentioned
remnants in the ice-marginal streamway terrace have a flat surface, in
places forming slight dunes. Their relative height with regard to the
subsequent terrace is approx. 5 m.

At Naklo the ice-marginal streamway terrace is built of boulder
clay, on the left bank of the Note¢ of stratified sands. It shows, there-
fore, erosive-aggrading features, similarly to the outwash terrace of
the Brda.

Next we do not meet any ice-marginal streamway terrace until the
Ujscie Basin along the Gwda valley and, further on, already in the
ice-marginal streamway, at first on the left bank of the Note¢ between
Ujscie and Czarnkow, and then already on both banks of this river;
the ice-marginal streamway terrace is partly incised in the moraine
plateau, and partly in older outwash plains which themselves are inci-
sed in the moraine plateau. The absolute altitude of the ice-marginal
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streamway terrace in the neighbourhood of the confluence of Gwda and
Notec is some 70 m. and thus, in the section from the Brda valley to the
Gwida valley, the level of the ice-marginal streamway terrace has
subsided by some 10 metres (compare terrace long profile, Fig. 11). The
terrace under consideration downstream of the confluence of the Gwda
with the Notec¢ is a continuation of the outwash terrace of the Gwda
which from the east is joined by the Note¢ ice-marginal streamway
terrace. Just like the N—S section of the ice-marginal streamway below
Ujscie is a continuation of the outwash valley of the Gwda. It is oaly
below Czarnkow that the ice-marginal streamway once more regains its
proper E—W direction.

The geological structure of the outwash terrace in the neighbourhood
of Pila is illustrated by the following three exposures.

I) Exposure in the terrace (from the top):

a) 0.85 m. sand, obviously limonitized, with numerous pebbles and gravel,

b) 1.17 m. light yellow, medium-grained sand loccally with coarse-grained sand
and gravel,

c¢j 0.80 m. pebbles, gravel and sand with rounded grain,

d) approx. 1 m. fine-grained light-yellow sand, downwards passing int> a layer
of boulders (fist size or bigger, rounded) and gravel. Nearby, in the neighbourhood
exposure, there lies under the above-mentioned gravel:

e) 0.50 m. stratified deposit, alternately more sandy or more silty, unde-lain by
a layer of stone pavement,

f) light-coloured, fine-grained cor very fine sand.

The layers a -—d probably represent outwash deposits, while the
layers, clearly contrasting with the higher layers both as to colour,
size and uniformity of grain, belongs to intermoraine fluvioglacial de-
posits, deprived of its moraine covering due to its having been des-
troyed by outwash waters. In still another exposure a large boulder
of 1 m. diameter has been found as evidence of the erosive action of
outwash waters and of the destruction of the ground moraine.

I1) Along the boundary line between the outwash sand terrace and
the next (transition) terrace, the outwash terrace presents a different
structure (see Fig. 1):

a) 2.5 m. outwash sands (with pebbles),
b) approx. 1 m. compact boulder clay with blocks,

c) underneath: light-coloured intermoraine sands,

resembling those described above in items e) and f). Here the moraine
clay has been preserved.
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In other places within the outwash terrace south of Pila, outwash
material in the shape of coarse-grained sands and gravels has also been
observed. On the surface of the terrace a we'l-formed fist-size ventifact
has been found too.

1I1) The structure of the outwash terrace near Romanowo. Here was
found, in downward order:

Fig. 1. Terraces of Lower Gwda valley (a terrace peninsula)

1 — outwash sands with pebbles; 2 — boulder clay; 3 — inter-moraine (fluvioglacial) sands; 4 — ice-
boulders on the surface of terrace I. For Roman numerals see description on page 51.

a) 1.60 m. stratified sand and gravel, up to 3 mm. diameter, subrounded, with
pebbles up to 2 cm. diameter, and larger,

b) 0.30 m. gravel, with numerous pebbles showing pavemenl features,

¢) underneath, at 1.90 m. from the surface, there begin fluvioglacial series of
coarse-grained sands. Lower still the slope reveals

d) dark-grey boulder clay.

Below the westward turn of the ice-marginal streamway, the outwash
terrace appears in broad areas on both sides of the river at an al'itude
from 65 to 60 m. a. s. 1., reaching the mouth of the Drawa at the same
level. The geological structure of the terrace of the ice-marginal
streamway is illustrated by an exposure at Gulcz (65 m. a. s. l).
Limonitized sand, 0,2 to 0,5 mm. diameter, wth well-rounded

http://rcin.org.pl
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gravel (1 mm. and more), has been found here; pebbles of several cm.
diameter also occur here. At a depth of 2.5 m. a pavement appears. On
the surface of the terrace a great number of boulders and pebbles may
be seen, among them a ventifact. The boundary line between the ice-
marginal streamway terrace and the mnext, the so-called transition
terrace, is indistinct.

On the lower Drawa, within the valley basin, the outwash track of
the Drawa joins the ice-marginal streamway terrace, breaking off
above the lower terraces at an altitude of 60 m. a. s. 1. G. H. Ost was
the first to demonstrate that the outwash terraces of the Gwda and
Drawa are continued in the ice-marginal streamway terrace. Between
the Warta and Notec¢ rivers, this terrace, constitutes a peninsula, also
called the Warta—Note¢ interfluvial peninsula, reaching from Czarn-
kow to the confluence of the Note¢ and Warta. The larger part of this
terrace is covered by dunes. At the western end of the terrace penin-
sula, the ice-marginal streamway terrace has lowered its level to
46 m. a. s. 1. It is here that the terraces of the ice-marginal streamway
of the Notec¢ joins the terraces of the Warta valley.

Additional insight into the geological structure of the ice-marginal
streamway terrace at the western edge of the terrace peninsula is gai-
ned by an exposure at Skwierzyna-Gaj. On the flat surface of the terrace
a considerable number of large boulders, of up to 1 m. diameter, and of
pebbles may be seen, representing a moraine residuum. The profile
reveals, from top to bottom:

a) 0.70 m. coarse-grained sand with gravel and boulders, strongly limonitizsd,

b) 0.50 m. stratified, light yellow, coarse-grained sand and gravel, with a discon-
form (discordant) structure,

c) 0.10 m. compact stone pavement, rounded boulders (head size and smaller),
with strongly limonitized sand.

d) about 1 m. light-coloured, fine-grained stratified sand, cut obliquely by the
superimposed pavement. Dip of strata T 24° westwards,

e) 0.10 m. layer of pavement — rounded head-size boulders,

f) 0.55 m. sand, as in layerd,

g) underneath—sand with gravel and pebbles (moist, due to proximity of imper-
vious layer).

Close by there is a fresh brick-yard pool. In this pit, 6 m. below
the surface, one can see:

2.5 m. sand gravel and pebbles — probably an ice-marginal streamway deposit
corresponding to layers: a to ¢,

2.5 m. light-yellow sands, as in d, resting on a pavement and on large boulders
np to 1 m, diameter. Underneath, as a continuation of the preceding profile:
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h) typical grey and chocolate-brown varved clays exactly stratified, of 4.5 m.

thickness,
i) lower cross-bedded, light-coloured sands with intercalations of silty sands.

This profile shows that the ice-marginal streamway terrace is of an
erosive, or erosive-aggrading character; the layers from: a to c rest,
after the destruction of the moraine layer (boulders!) disconformly on
fluvioglacial sands containing lenses of varved clays (a ice-dammed
lakel).

At Polichno, in the northwestern angle of the terrace peninsula,
where the ice-marginal streamway terrace lies at 46 m. a. s. 1, rising
some 20 m. above the bottom of the ice-marginal streamway, the follo-
wing strata are revealed:

a) 6 to 8 m, stratified sand, resting on a stone pavement, underlain by
b) brown moraine clay with boulders.

A similar geological structure appears in the ice-marginal streamway
terrace at Lipki Wielkie, while at Brzozowiec (43 m. a. s. 1), situated
west of the Warta, yellow-brown boulder clay appears directly on the
terrace surface (probably partly due to the proximity of the slope), in
its turn covering varved clays.

In the section between the confluence of Note¢ and Warta, and of
Warta and Odra, there extends the most westward part of the ice-mar-
ginal streamway terrace in the Note¢—Warta ice marginal streamway;
this terrace has an altitude of but 35 m. a. s. 1. on the southern bank
of the Warta near Stonsk, and as little as 32 m. a. s. 1. north of the
Warta. It seems probable that the terrace fragment situated north of
the Warta river, near its confluence with the Odra, at 31 m. altitude,
already belongs to the next (transition) terrace, or to some intermediate
terrace level (of erosive character). In this section too, the ice-marginal
streamway terrace is, on a considerable stretch, covered by dunes
which constitute a continuation of the dune field lying in the area
between the Warta and Notec¢ rivers. Moreover, here appear numerous
irregular kettle remnants after melted dead ice, particularly charac-
teristic of this western part of the ice-marginal streamway.

In the neighbourhood of Stonsk, the outwash terrace is built of stra-
tified sands and gravels; the surface of the terrace is mostly flat, here
and there diversified by closed depressions. '

The above description proves that the ice-marginal streamway
terrace has a rather erosive, or else erosive-aggrading character. The
thickness of fluvial sediments on the top of this terrace is no more than
some 1 to 2 m., while underneath the stone pavement underlying the
mentioned above fluvial sediments there appear boulder clay or flu-
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vioglacial and ice-dammed lake deposits. In several places, boulder
clay rises to the very surface of the ice-marginal streamway terrace,
or moraine residues in the shape of boulders appear on the surface
of the terrace. Some of these boulders lying on the terrace surface show
aeolian sculpturing; this is in agreement with the climatic conditions
in which the ice-marginal streamway developed, situated in the fore-
land of the inland ice.

In order to establish the continuity of the ice-marginal streamway
terrace and to eliminate unsuitable terrace fragments from its picture,
a granulometric examination of terrace sediments was made from same
more important places of this terrace. These measurements were carried
out by Mr. W. Stankowski in the Sedimentological Laboratory of
the Geographical Institute of the Adam Mickiewicz University in Po-
znan. Quartz grains were analyzed, chosen from the coarsest fraction,
i. e. 0.8 to 1.0 mm. diameter. From each sample one hundred grains
were selected, and the index of roundness of the material was esta-
blished by means of a photographic projector, according to Kuenen,

2
by applying the formula: P :_IL ; here 2r denotes the diameter of a c'r-

cle inscribed into the most acute corner of the grain shape, while
1 denotes the largest perpendicular to the long axis of the grain. The
indices of roundness of the grains found in these samples are compiled
in a table shown on page 53. They were obtained in the following way.
Angular and semiangular grains were separated out, choosing index
300 as upper limit. From the ratio of grains with indices above 300 to
grains with indices below 300, there results the mean index for the
sample in question, and consequently the intensity of the degree of
rounding of the deposited material. The results obtained are shown in
the form of a graph (Fig. 7). From this graph it results that throughout
its whole length the ice-marginal streamway exhibits a continual in-
crease ofl rounding, undisturbed by amalgamation of new outwash tracks
on the way. This may be considered proof of the contemporaneous
existence of the outwash of the Brda, Gwda and Drawa, as well as of
equal lengths of all these outwash tracks.

The relative height of the main terrace of the ice-marginal
streamway varies between 25 m. for the Brda, and 20 or even 18 m.
near the confluence of the Warta and the Odra, taking into consi-
deration the water level of the Note¢ and the Warta.

Where are we to look for the continuation of the ice-marginal stream-
way terrace in the Kostrzyn Basin and the valley of the Lower Odra?
As mentioned above, the ice-marginal streamway terrace cuts its way
through older outwash plains, connected with the nearby end moraines.
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These older outwashes are incised in the moraine plateau too, causiag
them to resemble terraces within the ice-marginal streamway (fer in-
stance, the outwash plains in the N—S section of the ice-marginail
streamway, downstream from the confluence of the Gwda and the No-
te¢, absolute altitude 74 m.); at any rate, however, due to fluvial erosion
they break off above the ice-marginal streamway terrace.

The problem of the relation between the older outwash plains and
the ice-marginal streamway terrace described is particularly compl:-
cated in the Kostrzyn (Kistrin) Basin. Recent research in this region,
conducted by H. L.iedtke (48), has shown that during the principal
phase of the Pomeranian stage there was no continuous course of the
ice-marginal streamway, but instead there did exist several tracks of
outwashes which today break off above the Kostrzyn Basin, while once
they tended towards the Warsaw—Berlin ice-marginal streamway, flo-
wing over the surface of dead ice which filled the bottom of the Basin
and further on, cutting into the moraine plateau. The meltwater of the
Pomeranian stage, collected in the region of the present Lower War a
valley, flowed away southwards to the Warsaw—Berlin ice-margmnal
streamway, using as channels the present gap valley of the Odra, i. e.
the original fluwioglacial channel, as well as some smaller valleys east
of the Odra valley. The continuation of the outwash plain of the Pome-
ranian stage, taking its beginning near Moryn (the Moryn outwash) and
breaking off near the Kostrzyn Basin, along the line Czermin—Gozda-
wice—Siekierki—Stara Rudnica, at altitude 57 to 58 m. a. s. 1., is to te
seen in the fluvioglacial channel, the later valley, called Rotes Luch,
which leads to the Warsaw—Berlin ice-marginal streamway. The
meltwater which accumulated in front of the end moraines situated cn
the valley, island of Neuenhagen (east of the mouth of the Finow va ley),
probably also flowed away in this direction, since the present-day
ice-marginal streamway section near Niederfinow must have been filled
with dead ice.

It is only the outwash sands which developed in front of more
westward end moraines of the Pomeranian stage, i. e. in the neightour-
hood of Liepe, Chorin, Joachimstal, known as Monchsheide and Schorf-
heide, that reach the ice-marginal streamway near Eberswalde at the
altitude of 47 to 45 metres, breaking off, by on erosive scarp, above the
bottom of the ice-marginal streamway (36 to 38 m. a. s. 1), further west
aggraded by the alluvial cone of the Havel to the altitude of 40 m. a.s. 1.
Only south. of the Finow river, erosive remnants of outwash sands,
kettles and other forms originated by dead ice have been preserved.
Consequently, the bottom of the ice-marginal streamway, incised in
the above-mentioned outwash plain connected with the main end mo-
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raine of the Pomeranian stage, is younger than the outwash, the waters
of which flowed westwards a long the oldest ice-marginal streamway;
and this bottom must have been formed at a later period, i. e. after the
principal phase of the Pomeranian stage.

There now arises the question at what time the ice-marginal stream-
way in the neighbourhood of the Kostrzyn Basin started to function in
a steady manner, and which terrace level illustrate this particular phase?
In accordance with the research carried out by H. Liedtke and others,
the bottom of the ice-marginal streamway near Eberswalde lies at
a level of 36 to 38 m. a. s. 1. Since the lover most fragments of the
ice-marginal streamway terrace of the Lower Warta lie at the altitude
of 35 m. a. s. 1, any connecting of the ice-marginal streamway terrace
along the Lower Warta with the higher situated bottom of the ice-mar-
ginal streamway in the Eberswalde Gate is out of question. Similarly,
the terrace remnant on the western side of the Kostrzyn Basin near
Wriezen (35 m. a. s. 1.) lies too low with regard to the bottom of the
ice-marginal streamway near Eberswalde. One small terrace step only,
near Niederfinow, on the edge of the Eberswalde ice-marginal stream-
way section, lies at the altitude of 32 m. a. s. I. In H. Liedtke's opinion,
a tectonic uplift in this place is beyond all question. Consequently, the
bottom of the ice-rnarginal streamway in the Eberswalde ice-marginal
streamway is older than terrace of the ice-marginal streamway along
the Lower Warta.

Next arises the question, what outwash plain should be looked upon
as connected with the ice-marginal streamway bottom west of the Odra,
situated at the altitude of 36 to 38 m. a. s. 1. H. Liedtke is of the opinion
that, just as in the main phase of the Pomeranian stage during the
subsequent phase of glacier retreat, when the melting dead ice had
lowered ils level in the Kostrzyn Basin, tracks of outwashes passed
over these plains, but already at a lower level. The Mysla outwash
breaking above off the Kostrzyn Basin at the altitude of 40 m. a. s. L
continues on the bottom of the ice-marginal streamway of Eberswalde,
at the altitude of 37 m. The outwash which breaks off over the Basin
in the neighbourhood of Witnica at 42 m. altitude also continues its
.course in the ice-marginal streamway. West of the Odra valley there
extends an outwash track coming from Angermiinde and traversing the
end moraine of the Pomeranian stage, after entering the Eberswalde
ice-marginal streamway. This outwash plain constitutes it proper bottom,
-at the altitude of 36 to 38 m. Consequently, the existence of the bottom
of the Eberswalde ice-marginal streamway is connected with outwash
drainage of younger age than the principal phase of the Pomeranian
:stage.



Ice-marginal Streamway Terrace (V) 27

A number of authors connect the formation of the true valley floor
west of the Odra with the recession phase, of the Pomeranian stage, or
the Angermiinde phase, the marginal forms of which extend on Polish
territory from Radun on the Odra towards Chojna where they gradually
vanish. Other authors assume an even younger recession phase. Whate-
ver the cause, the outwash plains, older than the ice-marginal stream-
way terrace in the Note¢c—Warta ice-marginal streamway and younger
than the outwash sands of the principal phase of the Pomeranian phase,
are evidence of the non-simultaneous deglaciation within the lobe of the
Odra and of the lobes of inland ice further east.- At the time when the
Odra lobe had already considerably shrunk, the inland ice continued to
occupy in the east its largest, or nearly largest, stadial area. This fact
has been pointed cut, among others, by H. Ost.

Consequently, the ice-marginal streamway terrace in the Note¢—
Warta ice-marginal streamway, connected with the outwash terraces
along the Brda, Gwda and Drawa rivers at the time of the Pomeranian
stage and reaching the line of the Odra at the altitude of 32 to 35 m. a.
s. 1., is not continued on the bottom of the ice-marginal streamway in the
so-called Eberswalde Gate, situated at 36 to 8 m. a. s. 1., but must be
connected with a run-off already directed northwards within the Lower
QOdra valley. For, indeed, the small terrace step at 32 m. absolute alti-
tude found in the neighbourhood of Niederfinow, can only considered
a short-lived trace of an exceptionally high flood of waters flowing
westwards from the Note¢c—Warta ice-marginal streamway, possibly
due to some bifurcation.

According to German research, there appear, on the valley island of
Bralitz—Neuenhagen and further along the Lower Odra a number of
terrace fragments, which may be considered a continuation of the ice-
marginal streamway terrace in the Note¢—Warta ice-marginal stream-
way (see map, Fig. 10, and long profile of terraces, Fig. 11). First of all,
on the above-mentioned valley island of Bralitz—Neuenhagen a terrace
surface extends at 32 m. a. s. 1., considerably variegated by kettles (just
as in the neighbourhood of Stonsk), and built of sands and gravels,
inclining northwards and over 3 m. thick. Thus, these deposits forma-
tions correspond to those of the ice-marginal streamway, such as occur,
for instance, near Stonsk.

Since long the presence of obliquely stratified sands and gravel of
varying thickness resting on an erosive surface of boulder clay, has
been observed in many places of the terrace field in the neighbourhood
of Hohensaaten. The surface of this terrace peninsula presents a slip-
off (meander) surface, variegated by kettles and falling from 30 m. a.s.1
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in the west to 10 m. a. s. 1. in the east, on the Odra, -— probably prcof
of a rapid subsidence cof the base — level of erosion. At any rate, in-
distinctly terrace steps may be observed; the highest of them lying at
30 m. altitude, mav be a continuation of the ice-marginal streamway
terrace under discussion Finally — as mentioned by H. Liedtke — in the
Randow valley, which branches off from the Lower Odra valley near
Schwedt in a northwesterly direction towards the Szczecin ice-damm=d
lake, there appear near Blumberg on a level of about 20 m. a. s. L,
remnants of a terrace, which may be considered a continuation of the
terrace of the ice-marginal streamway, the oldest northward run-off
of the Odra, together with the waters from the Note¢—Warta ice-mar-
ginal streamway. This is the ice-marginal streamway, called by
H. Liedtke the Note¢—Randow ice-marginal streamway which, in the
area of the Note¢-—Warta ice-marginal streamway, was fed by melt-
water rivers from the inland ice surviving, in the east, in the Pomera-
nian stage. In the west, on the other hand, where the Odra lobe had
already retreated while meltwater collected in the Szczecin ice-dammed
lake, the combined waters of the Odra, flowing from the south, and the
ice-marginal streamway waters from the east, already flowed north-
wards in an ancient subglacial channel, as ice-marginal streamway,
into an ice-dammed lake, from which they escaped westwards through
one of the Mecklenburg ice-marginal streamways *.

To this same phase cf development belongs the terrace lying at 35 m.
altitude, adjoining the western side of the Kostrzyn Basin near Wriezen,
resembling a kame terrace. So far it has proved impossible to connect
this terrace with the higher-lying bottom of the Eberswalde ice-marginal
streamway (36 to 38 m.). H. Liedtke has explained that the Wriezen
terrace already belongs to the phase of the Note¢-Randow ice-marginal
streamway, and that if represents the bottom of the oldest northward
flowing waters of the Odra.

The author of the present paper has had the opportunity ** of exa-
mining the more important exposures in the ice-marginal streamway
terrace on German territory, and to express his viewpoint as to German
opinions particularly those of H. Liedtke concerning the run-off of
ice-marginal streamway waters northwards and, subsequently, along the
valley of the Randow. On the above mentioned terrace peninsula at
Hohensaaten, in a gigantic gravel-pit, located in the area of the ice-mar-
ginal sireamway at approximately 30 m. a.s.l., the following deposits
appeared:

* Probably through the Mecklenburgisch-Pommersches Grenztal.

** During an excursion to the German Democratic Republic, from August 26th
to September 6th, 1960.
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a) 2 m. fluvial sand with gravels and boulders,

b) 0.5 m. residual moraine pavement,

c) fluvioglacial deposits, comprizing unequigranular sands stratified alternat. ly
horizontally and obliquely.

NNE SSW

Fig. 2. Exposure in ice-marginal streamway terrace in the Randow valley in the

neighbourhood of Bagemiihl (German Democratic Republic)
a — unequigranular with preponderance of coarsegrained sands; b — boulder pavement in form of well-
rounded boulders, up to 20 cm dia; ¢ — discordantly underneath pavement, series of stratified sands
interbedded by layer of gravel

A similar erosive character shows the most distant fragment of an
ice-marginal streamway terrace, situated at Bagemiihl in the Randow
valley (approximately 20 kilometres north of the terrace fragment &t
Blumberg). On the flat wooded surface of this terrace (approximately
18 m. a. s. 1., see long profile of terrace, Fig. 11) we note, on first sight,
collected heaps of larger boulders. In this exposure appears (Fig. 2):

a) 0.5 m. unequigranular sands, with prevalence of coarse-grained sands in lower
part,

b) 0.2 m. coarse gravel with boulders (up to 20 cm. diameter). The material is
well rounded. Between sands and pavement there is a clearly marked erosive surface,

c) fluvioglacial deposits, intercalated by a 15 cm. layer of gravel with boulders.

In both exposures described above we note traces of a north-wards
flow of ice-marginal waters along the Lower Odra valley and, further
on, the Randow valley. These waters have incised in the moraine pla-
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teau. Their deposits rest on a series of fluvioglacial sediments, deprived
of the hanging covering of boulder clay. A remnant of the latter consists
of a stone pavement laid down between the ice-marginal streamway
(fluvial) deposits and a series of fluvioglacial deposits.

The aggraded material building the surface of the ice-marginal
streamway terrace at Bagemiihl represents from a granulometrical
point of view, the continuation of the deposits found on this terrace in
the Note¢—Warta ice-marginal streamway, and shows a corresponding
increase in rounding (Fig. 7).

Ultimately, in the light of our analysis of the ice-marginal stream-
way terraces, we observe a Pleistocene valley — track, beginning in
the Vistula valley above Torun and fed from the north by outwash
terraces of the Pomeranian stage; this track proceeds, along the Odra
and Randow valleys, in the direction of the shrinking Odra ice lobe.
On the section from Torun, where the ice-marginal streamway terrace
appears at 81 m.a. s. 1., to Bagemiihl in the Randow valley, where, so far,
the lowest fragments of this terrace have been determined at the alti-
tude of some 18 m. a. s. 1., the bottom of the ancient ice-marginal stream-
way falls 63 m. which, assuming the distance to be 458 km., equals
a gradient of 1:7270. After reducing the Torun—Bydgoszcz section,
with its negligible gradient, the above ratio becomes 1 : 6420.

The traces left of the older phases of the ice-marginal streamway,
mosily represented by outwash plains, are survived in the area o! the
hicher-lying Eberswalde ice-marginal streamway, west of the present-
day Odra. In the Warta ice-marginal streamway, east of the present-
day Odra, there are elevated outwash tracks, breaking off above the
ice-marginal streamway. These outwashes undoubtedly once fed the
ice-marginal streamway, flowing westwards, towards the Eberswalde
Gate, and southwards, into the Warsaw—Berlin ice-marginal streamway.
Probably, from this same period are derived the outwash plains which
extend in the Warta ice-marginal streamway along its southern side
at a level higher than the ice marginal streamway terrace (see geom:r-
phological map, Fig. 10).

TRANSITIONAL ICE-MARGINAL STREAMWAY TERRACE (iIV),
OR 15—22-METRE TERRACE

The author's field investigations revealed along the Lower Brda
valley a terrace surface, cut direct in the outwash terrace which, as
described above, is continued in the ice-marginal streamway terrace.
This terrace, called terrace X, first appears for the first time north of
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Koronowo, on the right bank of the Brda river, at 88 m. a. s. 1.; even
so, it seems quite possible that once this terrace has extended further
upstream the Brda river. It clearly shows an erosive character. Near the
ice-marginal streamway, the relative height of this terrace with regard
to the Brda is 34 m. The X terrace, cut in the outwash terrace of the
Brda, represents the phase of the forming of a fluvial run-off on the
previous outwash track running along the present-day Brda valley,
during the period preceding the northward diversion of the Vistula
waters to the Gdansk ice lake. Hence the term transition terrace.

In his paper on the outwash plain and the valley of the Brda (18),
the author was inclined to connect the terrace level of 75 m. altitude,
partly revealed from under its dune covering in the neighbourhood of
Trzciniec south of Bydgoszcz, with the outwash terrace of the Brda. Ho-
wever, in view of hypsometrical and granulometrical considerations, it
seems more probable that this is rather a remnant of a transition terrace
eroded in the area of the Torun Basin, a terrace which has survived
in numerous places in the Note¢—Warta ice-marginal sireamway. Tne
same applies to the terrace remnant of 77 to 78 m. a. s. 1., situated north
of Torun in the neighbourhood of Lulkowo. The largest compact area of
the transition terrace, of an absolute altitude of 70 m., extends west-
wards in the immediate neighbourhood of the Torun Basin, along side
of the Note¢ river from the region where it enters the area of the
ice-marginal streamway (see map Fig. 10 and long profile of terraces,
Fig. 11). In this region this terrace is situated barely 2 to 3 m. atove the
next terrace, called the upper terrace, which occupies the better part
of the Torun Basin and which, in view of its negligible gradient, was
previously considered the bottom of the Torun dammed lake. There can
be no doubt, however, that the 70-metre surface south of Naklo is older
than the terrace mentioned previously, if for no other reason than the
fact that the 70-metre terrace constitutes the immediate morphological
base of the remnants of the ice-marginal streamway terrace, described
by St. Kozarski and J. Szupryczynski (37). However, as shown by the
author (18) terrace IX of the Brda valley is the first that can be corre-
lated with the upper terrace of the ice-marginal streamway (Torun
Basin), and, at the same time, with the upper terrace of the Lower
Vistula valley. A fragment of this terrace, erosively incised in the tran-
sition terrace, of 67 m. absolute altitude, appears at Paterek, on the
southern side of the ice-marginal streamway. In this respect the author's
views differ from those of St. Kozarski and J. Szupryczynski, who con-
nect 70-metre terrace from the neighbourhood of Nakto which they call
the middle terrace, with terrace IX in the Brda valley and the Lower
Vistula valley.
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As mentioned before, the transition terrace occupies a considerable
area in the ice-marginal streamway section between Nakio and Wy-
rzysk, reducing its altitude from 70 to 65 m. a. s. 1. This terrace is mostly
found south of the Note¢, noticeable on the northern bank of this river
only by small steps. The terrace islands westwards of Naktlo, in the
neighbourhood of Jadwizyn, already belong to the next terrace level.
The surface of the transition terrace on which boulders as well as finer
material occurs, shows a considerable number of shallow (kettles) the
largest of which is & peat-filled depression in the neighbourhood of the
Sipicry village. Numercus lakes occuring in this terrace have bezn in-
vestigated by both the above-mentioned authors; they ascribe the origin
of these lakes to kettles formed by melting dead ice. Here and there on
the transition terrace surface appear flat elevations of several metres'
height (Polichnowo, Nadolnik); they seem to be wasted remnants of the
terrace mentioned above, i. e. the ice-marginal streamway terrace.
Moreover, on this terrace numerous dunes * may be observed, coacen-
trated particularly south of Naklo and east of Sokolec.

In many places of the edge of the transition terrace layers of strati-
fied coarse gravel and pebbles of fluvioglacial origin appear. The
thickness of these fluvioglacial deposits often exceeds 10 m. Occasio-
nally boulder clay occurs in the edge of this terrace, e. g. along the
Paterek—Kowalewko road, or at Polichnowo, where gravel and boulders
lie on the clay. On the other hand, at Jozefkowo and Mieczkowo appear
beneath a layer ot sands, underlying by a residual, locally stratified
stone pavement, iluvioglacial sands of varying bedding. At Paulns,
remnants of moraine clay rest with boulders on the above fluvioglacial
series. At Szamoty near Szamocin, on a level of 67 m. a. s. L, terrace
sands cut off a layer of varved clay and, farther away from the edge,
of moraine clay containing aggradation pockets. Similarly, at Strzelce
(north of Wyrzysk) the transitional terrace is built of moraine clay.

In accordance with the opinion expressed by St. Kozarski and
J. Szupryczynski, who in their contribution give a similar description
of the transition terrace (which they call the middle terrace) in the dis-
cussed valley section it should be stressed that this terrace, in common
with the higher situated ice-marginal streamway terrace, is incised in
Pleistocene deposits consisting either of moraine clay or of fluvioglacial
sands (and varved clays) covered by remnants of moraine clay or by
residual stone pavement. These deposits are overlain by a layer of
fluvial sands of approximately 1 metre thickness. Consequently, in the

* These dunes have been described by C. Irla (24).
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Naklo—Wyrzysk section the transition terrace reveals the feature of
a cut-and-fill terrace.

In the Ujscie Basin the transition terrace recedes farer away. It has
been identified in remnants appearing west of Dziemboéwko, on the
outwash terrace of the Gwda river and in the eastern side of the Basin,
as well as south of Pila next to the western part of the Basin, near
Wrzacko. At any rate, the transition terrace accompanies the outwash
terrace of the Gwda, just as it does the outwash terrace of the Brda, at
a level lower by 7 to 11 m. (see map, Fig. 10). On the edge of the transi-
tion terrace (64 m. a. s. .1) of Dziembéwko, the profile is as fol'ows
(Fig. 3):
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Fig. 3. Exposure in ice-marginal streamway transition terrace at Dziembowko (east
of Pita)
1 — cover sand and residual deposits after erosion of boulder clay. Accumulation pockets; 2 — glacial

clay; 3 — stratified fluvioglacial sands of various fractions; 4 — fine-grained sand with intercalated
layers of coarse-grained sand — dip 32°S; 5 — sandy silt

a) cover sand deposits, erosion remnants of boulder clay, with blocks and
aggraded pockets,

b) 0.60 m. boulder clay, with stone pavement at bottom,

c) 0.50 m. horizontally stratified fluvioglacial sands, obliquely cutting the
underlying,

d) stratified and inclined silt layers,

e) horizontally stratified silts.

3 — Prace geograficzne

http://rcin.org.pl
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The above-mentioned silt layers have probably developed in the
large ice-dammed basin, in which were also deposited although further
westwards, the Pila clays (see description below). In the transition
terrace, at Pila (Fig. 1), under a thin cover of sands with pebbles, there
appear light-coloured inter-moraine sands. Thus here also the transition
terrace is incised in older Pleistocene deposits.

At Stoba (south-west of Pila) and at Wrzacko there appear flat sur-
faces with well-marked step at the altitude corresponding to the transi-
tion terrace (65 and 63 m. a. s. 1.}, In exposures we note sands, gravel
and even pebbles, According to H. G. O st (58), these are came terraces
aggraded by waters which, on one side, were walled in by dead ice.
Undoubtedly dead ice must have played an important part in fluvial
aggradation within the Ujscie Basin; proof is the considerable number of
melting kettles appearing in this area, particularly in the western part
of the Basin. However, the terrace step extending in a semi-circle from
the Gwda westwards, is probably of a erosive character; in other words,
the terraces of the Gwda were probably undercut by water coming
from the Note¢ ice-marginal streamway and turning southwards, in
accordance with morphological conditions. During the same period
blocks of dead ice melted which, in consequence, led to distortion of
the previous landscape. But, even if we accept H. G. Ost's conception,
it seems certain that fluvial water depositing material against walls of
dead ice must have had a free outflow, since no ice-dammed lake
deposits are in evidence. Thus it should be assumed that the waters had
the features of a river flowing along blocks of dead ice, depositing in
a normal manner part of the material transported.

The transition terrace once more appears though indistinctly, as
a narrow terrace remnant, at 60 m. a. s. 1., on the right bank of the
Note¢; further on, it occupies wider areas in the basin of the
Lower Drawa. Near Gulcz (west of Czarnkow), the ice-marginal
streamway terrace, here at 65 to 63 m. a. s. 1, shows an indistinct
transition into a 58 m. a. s. 1. terrace which subsides to 50 m. a. s. 1.
near the confluence of Drawa and Note¢. This indistinct inter-
terrace step was known to German geologists already; in mapping the
region of Krzyz and Wielen they called it an outwash step. H. G. Ost
distinguishes an external and an internal Baltic terrace; however, he
erroneously considers the internal Baltic terrace; in our present termi-
nology the transition terrace, to be ice-marginal streamway terrace
proper.

A transition terrace also shows along the Drawa river accompanying,
similarly as on the Brda and the Gwda, the Drawa outwash terrace
(see map, Fig. 10) and occupying additionally the western part of the
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estuary basin of the Drawa, at the altitude of 56 to 51 m. a. s. 1. The
morphological map shows that waters flowing at the level of the tran-
sition terrace, partly undercut the outwash terrace, and partly also the
moraine plateau with its end moraines. The previous continuity of the
transition terrace east of the Drawa river was interrupted by the mel-
ting of blocks of dead ice which must have been existed in the sub-
stratum of the transition terrace. Evidence of the presence of dead ice
in this period is the characteristic lobate shape of younger terraces
throughout the area of the basin, first observed by H. G. Ost. In the
basin west of the Drawa river the surface of the transition terrace was
incised by tributaries of the Drawa and by the latter river itself, at
a time when its mouth section was situated farer westwards than it is
today. South of the Note¢ river, facing its confluence with the Drawa
river, the transition terrace forms, together with the next terrace,
a clearly noticeable terrace island.

Within the area of the mouth basin of the Drawa, the geological
structure of the transition terrace, has been identified in numerous
places. Near Gulcz and Rosko,in the region where at 58 m. a. s. 1.
this terrace departs from the ice-marginal streamway terrace the edge
of the transition terrace is built, right up to its top, of boulder clay.
In the Rosko—Stepy section (57 m. a. s. 1.) the boulder clay is overlain
by a covering of sand mixed with scanty gravel, of some 2 m. thick-
ness, and of a distinctly visible stone pavement. Near the Wielen
railway station, in the edge of an altogether flat terrace (55 m. a. s. L),
brown boulder clay also appears under a layer of sand with gravel and
pebbles. On the other hand, at Drawsko, on a terrace island (50 m.
a. s. 1.}, terrace sands of 1 m. thickness are cutting across underlying
obliquely stratified fluvioglacial sands, while at Drawiny, on a terrace
island (above 50 m. a. s. 1.) situated northwestwards from Krzyz, in the
terrace edge there is exposed a 4 m. layer of stratified sand with
pebbles and boulders resting on varved clay. Thus, identically as in
the Ujscie Basin, the transition terrace has shows here too an erosive,
or cut-and-fill (erosive-aggraded) character.

Further west, downstream, the transition terrace vanishes. Its coun-
terpart in the Warta valley above Skwierzyna, thus before the Warta
Valley enters the Note¢c—Warta ice-marginal streamway proper, is
a terrace of 42 m. a. s. 1. altitude,-also gradually vanishing downstream,
but extending considerably up the Warta river; here the transition ter-
race accompanies the ice-marginal streamway terrace which, as descri-
bed above, occupies the better part of the interfluvial area between the
Warta and Note¢ rivers. In the Gorzow Basin the transition terrace
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has probably been destroyed by meander erosion of the Warta flowing
on the level of the next valley terraces. Only at Hohensaaten, at the
beginning of the Lower Odra valley, (see description of ice-marginal
streamway terrace on page 27) we notice, on the terrace peninsula,
a meander level of 22 m. a. s. 1., which in my opinion may be considered
a continuation of the transition terrace (see long profile of terraces,
Fig. 11), just like, further north, a terrace remnant near Blumberg, in
the Randow valley, at 13 m. a. s. 1. altitude. Consequently like the ice-
marginal streamway terrace, the transition terrace uses the wvalley
track of Note¢—Warta—Lower Odra—Randow, and represents the run-
off of the first fluwial waters on the outwash plains east of the Odra
lobe and, at the same time, of the waters of both Vistula and Odra.
This run-off, preceding the northward diversion of the Vistula, continued
to make its way along the Mecklenburg ice-marginal streamway *
towards the Baltic ice lake, in view of the fact that in the mouth region
of the present-day Odra the inland ice was still receding.

Taking into consideration the whole length of the transition terrace,
from the neighbourhood of Bydgoszcz in the Torun Basin (74 m. a. s. 1)
to the remnant of this terrace near Blumberg in the Randow Valley
(13 m. a. s. 1) it should be pointed out that, over a distance of approxi-
mately 388 km., this transition terrace falls 61 metres or, almost exactly,
as much as the fall of ice-marginal streamway terrace (60 metres).

Within the area of the Notec¢ ice-marginal streamway the rela-
tive height of the transition terrace gradually increases, from
15 m. in the neighbourhood of Bydgoszcz—Naklo to 22 m. in the mouth
basin of the Drawa. On the terrace peninsula of Hohensaaten this height
is 20 m. g

The granulometric analysis of the deposits of the tran-
sition terrace (within Polish territory), carried out by W. Stank o w-
ski in the Sedimentological Laboratory of the Geographic Institute of
the A. Mickiewicz University in Poznan (Fig. 7), shows the degree of
rounding of the grains to be more intensive and to increase more
rapidly than that of the material laid down in the ice-marginal stream-
way terrace. At the same time, however, there may be observed an
abrupt decrease of grain rounding at the mouth of the Gwda which
supplied new outwash material. Evenso, further westwards the rounding
of grains transporied by ice-marginal streamway waters, increases
again.

* Called Mecklenburgisch-Pommersches Grenztal.



Upper Terrace (III) 37

UPPER TERRACE (III)
OR 10—12-METRE TERRACE

The upper terrace is of considerable extent in the Torun Basin,
showing a remarkably low gradient and a mean altitude of 70 m. a. s. 1.*
To be sure, near the mouth of the Drweca we observe on this terrace
altitudes of 72 m. and more; on the other hand, along the Bydgoszcz
Canal, more particularly so in the peninsular narrowing of the terrace
east of Naklo near Wystep, we find altitudes of barely 67, and even
as little as 65 m. a. s. 1. Still these numbers are by no means convincing
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Fig. 4. Exposure in upper terrace at Paterek (south of Nakio)
1 — residual cover deposit (boulders, gravel); 2 — light-yellow stratified sands; 3 — brown glacial clay

evidence of a lowering of the terrace, since its surface, almost exclu-
sively built of sands, is, as a rule, wind-eroded, while near Wystep we
observe a degraded interfluvial surface. The negligible gradient of the
upper terrace in the Torun Basin gave rise to the assumption of an
dammed lake in this area (Keilhack). The present author made an
attempt of explaining this fact as the effect of negligible lineal erosion
brought about by division of the river course due to the existence of
a valley island (13). By comparison with conditions in the Kostrzyn
Basin, H. Liedtke ascribed the slight gradient of the upper terrace within
the Torun Basin to alluvial cones of numerous small rivers issuing into
the Basin. I admit that aggredation of the Lower Brda within the area
of the Torun Basin may have contributed to a gradient reduction of the
upper terrace. Moreover, the bifurcation of the Vistula waters occur-
ring at the level of this terrace (17), undoubtedly caused a lessening
of fluvial erosion and a local increase in fluvial aggradation therebay
contributing to a reduction of gradient of the upper terrace in the Basin
in the neighbourhood of Bydgoszcz. It may also be assumed that bifur-

* The terraces of tributary valleys issuing into the ice-marginal streamway will
be described in the next chapter.
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catjon took place in the northern branch of the ancient Vistula. The
southern branch of the river, on the other hand, unimpaired by the
bifurcation, reached the narrow section in the ice-marginal streamway
along the course of the present-day Noteé¢ valley at a somewhat lower
level, as shown by the altitude of the step in the upper terrace at Pa-
terki, south of Naklo (67 m. a. s. 1.) several metres lower than the mean
altitude of the upper terrace in the Torun Basin. Consequently, the origin
of the exceptionally slight gradient of the upper terrace in the Torun
Basin presents an intricate problem; its solution requires special in-
vestigations, among others granulometric examination too.

Generally speaking, the geological structure of the upper terrace
within the area of the Torun Basin is homogenous. As a rule, everyw
here underneath cover of fluvial deposits (of up to 2 m. thickness) there
appears moraine clay (e. g., at Miedzyn, Prady, Lisi Ogon or Lipniki,
west of Bydgoszcz), or it rests discordantly on fluvioglacial sands (e. g.,
at Lochowice)., Of the eroded moraine clay only a boulder pavement is
left, superimposed on fluvioglacial sands. At Wystep in the western
corner of the Torun Basin there are revealed in the edge of the upper
terrace under fluvial sands with a stone pavement as remnant of eroded
moraine clay, fluvioglacial sands of 4 m. thickness, underlain by grey
moraine clay.

In the western part of the Torun Basin, resembling the neighbourhood
of Torun, the surface of the upper terrace is tlat or gently undulating.
In it occur flat valley depressions extending southwestwards towards
the ice-marginal streamway. The hummocks mutually separating these
depressions seem to be superimposed forms, built of glacial clay or of
sands with boulders. In many places where valley sands have been
eroded, clay appears on the surface together with numerous boulders
resting on it. In other places where the cover of river sands has been
preserved, numerous dunes developed. Moreover, on the surface of the
upper terrace frequently melting forms appear, filled, at times, by lakes
{such as the Jezuickie Lake, south of Bydgoszcz), and particularly con-
centrated on the peninsula of the upper terrace in the western corner
of the Torun Basin where, due to intensified degrading processes, ter-
race sands are lacking, and moraine clay forms the terrace surface on
wide areas.

The landscape features described above made P. Sonntag (70)
erroneously interpret the formations observed near Lochowice as end
moraines. There can be no doubt but that the upper terrace of the Torun
Basin shows an erosive, or a cut-and-fill character; this has been clearly
pointed out in previous contributions (13, 16, 17). A ground moraine
island within the upper terrace south of Bydgoszcz, definitely localized
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by W. Mrozek (54) at 85 m. a. s. l. represents the non-eroded sur-
face of moraine deposits, into which Vistula waters flowing at the level
of the upper terrace and, before this ice-marginal streamway waters,
have cut their bed.

Westwards of the narrowed stretch of the ice-marginal streamway
near. Naklo, the upper terrace shows on both sides of the valley in
remnants only. As described above, the main terrace level, down as
far as the Ujscie Basin, is the ice-marginal streamway transition terrace.
A clearly discernible fragment of the upper terrace appears at Paterek
(south of Naklo) at 67 m. a. s. 1. This exposure shows the geological
structure of the entire terrace, right down to the level of valley peat
(Fig. 4). A top layer, 0,50 m. thick, of cover material (boulders, gravel
etc.) lies on light-yellow stratified valley sands resting on brown mo-
raine clay. On the terrace plain we observe an extensive depression
without superficial drainage. Piled up on field boundaries are stone
heaps containing blocks of 1 m. diameter. Thus, the upper terrace con-
tinues here to show an erosive character.

On the northern side of the ice-marginal streamway, near the junc-
tion of Lobzanka and Note¢, we observe at 65 m. a. s. 1. two islands of
the upper terrace. They are typical meander islands with a flat surface,
covered by a coniferous forest; boulders may be seen on the surface
of the terrace. St. Kozarski and J. Szupryczynski (37) have erroneously
assigned these terrace remnants to their so-called central terrace, i. e.
the transition terrace according to the terminology of this paper. Here,
the profile is as follows:

a) 090 m. strongly limonitized sand with numerous rounded boulders of various
S1Zes,

b) 0.30 m. coarse-grained sand (0.4 mm. diameter) at the bottom of this layer —

a residual boulder pavement,
c) lower down — light-coloured fluvioglacial sands.

Minor islands of the upper terrace also occur on the bottom of the
ice-marginal streamway near Milcz, northwest of Chodziez (60 and
59 m. a. s. L) erroneously considered by German scientists to be re-
mnants of end moraines. Neither do I agree with the two authors men-
tioned above, who assign the Milcz terrace islands to the level of the
upper terrace level, i. e. to their middle terrace.

In the section between the narrowed stretch of the ice-marginal
streamway near Naklo and the next narrowing issuing into the Ujscie
Basin, the upper terrace subsides from 67 m. (Paterek) to 59 m. (Milcz),
all along this section showing the character of an erosion terrace,
covered by a thin series of fluvial deposits. As to the interpretation of
the terrace remnants in this section I disagree with both the above
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mentioned authors as emphasized above. I have pointed out before that
in this section these authors distinguish an upper terrace corresponding
to the ice-marginal streamway terrace in my present paper, a middle
terrace corresponding to the transition terrace, and a lower terrace the
ostensible counterpart of my upper terrace.

In my opinion the lower terrace distinguished by both these authors
corresponds to the next terrace (see description on page 49-50),
which subsides from 60 m. a. s. 1. near Polichnowo (southwest of Naki:)
to 55 m. a. s. L. in the neighbourhood of Chodziez In their description
and classification of terraces, these authors have omitted the upper
terrace under discussion and made it part of their middle terrace which,
in the present paper, corresponds to the transition terrace.

In the Ujscie Basin, the upper terrace of the ice-marginal streamway
appears along the Lower Gwda only in the shape of small but clearly
noticeable terrace remmnants, which are a continuotion of the correspon-
ding terrace of the Gwda valley. The geological structure of the upper
terrace may be traced on the terrace peninsula east of Pitla in profiles
of brickyard pits. These profiles reveal (see Fig. 1):

a) 0.80 m. yellow, coarse-grained sand with boulders on the flat surface of the

terrace a residual stone pavement it visible, — thus is clearly an erosive terrace!
b) further down — light-coloured, even-grained intermoraine sands.

Nearly, in a brickyard pit, under sands with boulders and a pave-
ment (of a total thickness of 2 m.) there appear dark, indistinctly stra-
tified or non-stratified, silty ice-dammed lake clays. The surface of
these clays is smooth but slightly sloping; and their top layers part
disclose glaciotectonical disturbances. Similarly, on the eastern bank
of the Gwida, where an older outwash plain and the outwash ter-
race meet, we also observe in the slope of the upper terrace, a compact,
grey ice-dammed lake clay, covered by a 3 m. layer of sands with
boulders.

The erosive character of the upper terrace is also in evidence in the
continuation of the ice-marginal streamway beyond the Ujscie Basin,
at Walkowice (58 m. a. s. 1), where moraine clay or light — coloured
fluvioglacial sands reach up to the surface of the terrace. Further down
the ice-marginal streamway, the upper terrace appears also on the right
bank of the Note¢, at Kuznica Czarnkowska (55 m. a. s. 1) where it
built of sands and gravel. It is only in the Drawa Basin that we meet
with larger fragments of the upper terrace, a counterpart of a corres-
ponding terrace of the Drawa valley pemnetrating the Basin at from 53
to 52 m. a. s. 1. The upper terrace constitutes the southern part of a ter-
race island, situated south of the confluence of Drawa and Note¢
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(46 m. a. s. 1.). On the surface of this terrace there appear coarse-grai-
ned sands with numerous boulders.

Further westwards there extends a larger area of the upper terrace
(43 m. a. s. 1), adjoining the ice-marginal streamway terrace south of
Drezdenko. Only at Murzynowo (35 m. a. s. 1.) where the upper terrace
is observed at the mouth of the Warta valley into the Note¢—Warta
ice-marginal streamway, the geological structure of this terrace is
revealed in an exposure at the local brickyard. The profile is here
as follows (Fig. 5):
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Fig. 5. Exposure in upper terrace in the Murzynowo brickyard
(south of Drezdenko)

a) 1.5 m. horizontally stratified, light-yellow fluvial sands,
b) 0.20 m. small boulder pavement with lumps of transformed clay,

c) 1.5 m. of cross-bedded light-yellow fluvioglacial sands, mainly horizontally
stratified in their upper part,

d) lower down — a layer containing pebbles strongly limonitized sands and
gravel diagonally-bedded and numerous erratics, 1 m, and more in diameter, relicts
of eroded moraine clay,

e) thick-laminated dark clay. Stratification horizontal,
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On the right bank of the Warta, below the junction of the Warta
valley with the Notec—Warta ice-marginal streamway, near Brzozowiec
(32 m. a. s. 1.), the upper terrace with a flat surface is built of coarse-
.grained sand with numerous larger residual boulders (of up to 10 cm.
diameter).

In the Gorzoéw Basin, the upper terrace has survived in the region
of Stonsk (24 m. a. s. 1) in the shape of a triangle, produced during
successive pphase of terrace erosion by meanders of the Warta river flo-
wing there at a lower level. Against the upper terrace lean lower
terrace levels in the shape of small fragments or alluvial cones of the
Krzemienna river which near Stonsk joins the Warta. As far as its
geological structure is concerned, the upper terrace at Stonsk resembles
the Murzynowo terrace. On the surface of this terrace we observe erra-
tics of up to 1 m. diameter. In brickyard pits east of Stonsk the following
profile has been determined:

a) yellow medium-grained sand with small pebbles below passing into,

b) a layer of boulder pavement,

c) fine gravel, downward passing into coarse gravel with fist-size boulders,

d) white, fine-grained sand,

e) at about 6 m depth there appears a 0.60 m. layer of brown moraine clay:

f) light yellow fine-grained sand,

g) at a depth of some 9 m. below the surface, i. e. at 15 m. a. s. 1, grey clay.

)

The above profile is repeated in many places. Everywhere the
fluvial deposits (approx. 1 m. thick) rest on a residual boulder pavement
which, in turn, covers fluvioglacial deposits. Lower down there appear
moraine and ice-dammed lake deposits. It is at Stonsk that the most
westward fragment of the upper terrace in the Note¢—Warta ice-
marginal streamway has been found,

On the distance from Bydgoszcz to Stonsk, situated in the vicinity of
the Odra valley, the upper terrace has subsided from 70 to 24 m. a. s. 1.
i. e. a. decline of 46 m.

The relative height of the upper terrace oscillates between 12 m.
in the neighbourhood of Nakio and 16 m. at the mouth of the Drawa;
further on, it gradually decreases reaching 10 m. west of Kostrzyn.

In the Note¢—Warta ice-marginal streamway, the upper terrace
shows a predominantly erosive character. The thickness of the fluvial
deposits laid down on eroded Pleistocene sediments is, on an average,
1to2m Granulometrical analyses of the upper terrace
deposits, carried out by W. Stankowski (Fig. 7), reveal the degree
of rounding of the grains to be similar to that on the transition terrace.
From the outwash plain or from the adjacent ground moraine, into
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which they are incised, the waters of the Gwda carry less rounded
material, Gradually only, and along the bottom of the ice-marginal
streamway already, the degree of rounding increases; after receiving
the waters of the Drawa, which carries a load of less rounded material,
no increase in rounding of the grains is observed.

The upper terrace of the ice-mar-
ginal streamway hitherto discussed SW NE
is most closely connected with cor-
related terraces in the valleys of the
Drweca, Brda, Gwda and Drawa, and
of smaller rivers (see the next
chapter). It seems worth investiga-
ting how the upper terrace conti-
nues westwards, in the Kostrzyn Ba-
sin and in the Lower Odra valley.
Conforming the results of P. Wold-
stedt's field studies, H. Liedtke dis-
covered, on the terrace island of
Bralitz—Neuenhagen, an erosive ter-
race at altitude of 16 m. a. s. 1.

A similar height shows this ter-
race on the eastern, Polish bank of
the Odra, at Osinéw Dolny, whe:e it
is incised in moraine clay containing
numerous boulders and underlain = =
by a series of fluvioglacial sands = = < =
and gravels. Its counterpart is the —=——= = -
meander-built terrace plain discove-
red on the terrace peninsula at Ho-
hensaaten (15 m. a. s. l). Further Fig. 6. Exposure in upper terrace at
north, in the neighbourhood of b Ry P Low_er b ,vaney

. (German Democratic Republic)
SChwe‘dt' terrace remnants with a — fine and medium-grained sands, with blurred
kettle depressions appear, described horizontal lamination; b — grave{zb‘;veithh 5::::::1
by P. Woldstedt (79). It is here that  ord, ™ *pie, fer vane by
the Randow valley parts from stratified, with varying degree of dip
the present-day Lower Odra valley.
The terrace level investigated by us has here an altitude of 10 to 13 m.
a. s. 1., both in the Randow valley and in the Lower Odra valley, north
of Vierraden. It is therefore, a bifurcation level, proving the si-
multaneous flow of the combined river waters along both the Rancow
valley and the Lower Odra valley. Over the distance of 380 kilometres
which separates the neighbourhood of Bydgoszcz from the region of
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Schwedt in the Lower Odra valley, the upper terrace has subsided
58 m.; thus taking into consideration the somewhat farer distance of the
lowest points of both the ice-marginal streamway terrace and the ice-
marginal streamway transition terrace, their relative difference in
height is the same as that of the upper terrace.

The author has been able to investigate the geological structure of
the above mentioned bifurcation terrace at both Meyenburg and Vier-
raden, where (in the Odra valley) samples of terrace material were
also taken for granulometric measurements. At Meyenburg, where the
upper terrace lies at the altitude of approx. 14 m. a. s. 1., the following
strata were revealed in a gravel pit (Fig. 6):

a) 0.35 m. fine- and medium-grained sands, with an ill-defined horizontal preio-
minance of bedding,

b) approx. 0.60 m. gravel with pebbles and rounded boulders, with traces of
predominant horizontal bedding,

c) lower down — fluvioglacial deposits comprizing crosshedded fine- and medium-
grained sands which, towards the bottom, pass into horizontally stratified fine-grained
sands intercalaled by stratified silts.

At Vierraden a layer of pebbles and boulders, sorted by flowing
water, cuts diagonally a stratified fluvioglacial sands. In both cases
the terrace shows an erosive character. The aggraded material of the
surface of the upper terrace situated north of Vierraden in the Odra
valley resembles, as to its granulometric character, deposits found
further upstream on the same terrace (Fig. 7).

In this manner has been established the continuation of the upper
terrace of the ice-marginal streamway in the Kostrzyn Basin and the
valley of the Lower Odra. The river waters which flowed at this level
through the Note¢—Warta ice-marginal streamway arrived, partly,
along valleys of former outwash rivers, partly by way of the valleys
of the Vistula, Warta and Odra, flowing away partly, as heretofore,
westwards along the Randow valley, but partly also northwards along
the Lower Odra valley. Evidently at that time, the neighbourhood of
the present-day mouth of the Odra must already have been free of ice.
To this problem we will return in one of the next chapters.

TRANSITIONAL UPPER TERRACE (b),
OR 7—9-METRE TERRACE (II)

At the inlet of the Drawa Basin there appears a very clearly marked
terrace level of 44 m. altitude surrounding the terrace island south of
the mouth of the Drawa and subsiding, within the area of the basin
to 40 m. a. s. 1. But, only slightly further west in the neighbourhood cf



Transitional Upper Terrace (b) 45

Drezdenko, this terrace declines to 36 m. a. s. 1. Beyond this section
with its exceptionally steep gradient, the terrace continues along the
valley, showing a gradient correlated to the valley floor; thus, here
a uniform relative height of 7 to 8 m. is maintained. The presence of
this terrace has been observed over longer stretches of the ice-marginal
sireamway, of the Warta valley as well as the Lower Odra valley;
everywhere it runs side by side with the upper terrace. Here, of course,
we are facing a valley terrace, connected with eroding processes cau-
sed by an intense lowering of the base-level of erosion. However this
eroding impulse failed to extend very far upwards in the ancient river
bed. It reached as far as the vicinity of the mouth of the Drawa river
and also shows in the Drawa valley (see map, Fig. 10) in the form of
a terrace entering the Drawa Basin at 44 m. a. s. L

Proof of the termination of the eroding processes which has caused
the incision of the main river into the surface of the upper transition
terrace and resulted in the formation of a corresponding terrace in the
Lower Drawa valley, is the steep gradient of the highest section of
this terrace within the area of the Basin (see profile of terrace, Fig. 11),
characteristic for upper, intensively eroded valley sections, as well as
the sharp shape of the initial section of the newly formed river bed,
visible on the geomorphological map (Fig. 10).

Even so, I am inclined to identify an even higher fragment of this
terrace in the Ujécie Basin, at 55 to 57 m. a. s. 1. It may be that the
terrace under discussion has reached even further westwards, as seems
to be indicated by a corresponding terrace along the Lobzonka valley
(see description, page 57). Consequently, the eroding impulse, caused
by the sinking of the base-level of erosiom, must have reached wup
the ice-marginal streamway as far as the confluence of the Gwda and
Note¢, or even further than that. The above mentioned terrace frag-
ment lies barely 2 to 3 metres lower than the upper terrace described
above and extends as prolongation of the outwash terrace of the Gwda,
over the ice-marginal streamway floor in the neighbourhood of Lugl
Ujskie. This terrace is built of coarse-grained sands with gravel and
pebbles. Its surface is partly diversified by wind action.

H. G. Ost (58) believes that this upper transition terrace, aggre-
aded by flowing water, was walled by dead ice which in his opinion,
filled the Ujscie Basin at that time; and consequently this terrace re-
presents some kind of kame terrace. As principal argument in favour
of his concept Ost mentions the fact that here stratificalion , emerges
into the open'. Were it otherwise, the strara would have gradually
subsided to the floor level of the ice-marginal streamway (representing
deposits of an alluvial cone). I do not deny the possibility of blocks of
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dead ice occuring in the Ujscie Basin during that period, the more so
since, further west distinct traces of ice contact slope are in evidence
within the area of this terrace. All the same, the existence of a very
clearly discernible step in the surface of this terrace, with an abrupt
breach in its stratification may be the effect of erosive cutting by the
meandering Note¢ river, the more so since the edge of the terrace
clearly shows a bend, corresponding to the course of the river. Nor
can 1 assume that the abowe-mentioned level of 55 to 57 m. should
simply be a sunken, lower part of the outwash terrace of the Gwda
river, lowered as a result of the melting of a huge block of dead ice
(analogous with conditions on outwash plains in the neighbourhood
of Eberswalde as described by H. Liedtke). This conjecture is contra-
dicted by the mechanical composition of the deposits of this terrace,
differing from the mechanical composition of outwash deposits (see
Fig. 7). Thus it seems most probable that the terrace fragment at 55
to 57 m. altitude, adjoining the outwash terrace of the Gwda river in
the Ujscie Basin, is the highest preserved fragment of the upper transi-
tion terrace (b); incidentally, correlated with this terrace are similar
terraces in the Gwda valley and also, in the Lobzonka valley.

As stated above, the upper transition terrace (b) is particularly well
developed in the Drawa Basin. At Drawsk this terrace (42 m. a. s. 1)
#s built of moraine clay, with boulders on its surface. South of the
terrace island, fine sand lies on its surface. A small exposure of the
geological structure of the transition terrace (b) is visible at Skwie-
rzyna Gaj, on the upper right bank of the Warta valley, close to its
joining the Note¢—Warta ice-marginal streamway. Scattered on the
level surface of this terrace are boulders. In the profile the following
strata have been determined:

a) yellow, coarse-grained sand,

b) medium-grained sand, of approx. 1 m. thickness,

c) lower down — coarse gravel with boulders of various size (up to 30 cm, dia).
Intercalations of strongly limonitized sands.

i

Slightly further northwards at Murzynowo (30 m. a. s. 1), there also
we observed, on the surface of the terrace, sands with numerous peb-
bles, identically as at Brzozowiec (26 m. a. s. 1.), west of the Warta river.
Consequently, the geological structure proves the erosive character of
this lerrace.

More important is the upper transition terrace (b) near Kotczyn;
here its contour is strongly dissected, and its surface is variegated by
numerous kettles. According to German opinions, major compact mas-
ses of dead ice rested on the bottom of the ice-marginal streamway.
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Flowing between this ice and the edge of the ice-marginal streamway,.
river waters filled this space with aggraded material. When, later on,
the ice melted, the ice contact slope of these fluvial deposits was trans-
formed into a clearly noticeable, though strongly dissected, step. The
geological structure of this terrace near Kolczyn is known from nu-

merous exposures. Below I am presenting two of the more important
profiles.

Profile 1
a) 1.30 m. coarse-grained sand (0.3—0.4 mm. dia.), with scanty, poorly rounded
pebbles,

b) 1.10 m. fine gravel (up to 6 mm. dia), higher up passing into sand with gravel
and pebbles. Oblique bedding (12° towards SW),

c) 0.10 m. boulder pavement, cutting the sands,

d) 0.12 m. stratified limonitized sand with scanty pebbles (1 to 2 cm, dia) at
bottom,

e) 0.30 m. horizontally stratified sand (0.2 mm. dia)), continuing downwards. In

another place of this terrace, under dune sand of 1 m. thickness fossil soil was
founds with remnants of a burial urn and ashes.

Profile 2 (former gravel pit)

a) 0.70 m. light-yellow, fine-grained sand,

b) 0.05 m. strongly limonitized gravel with pebbles,

c) 0.70 m. light-coloured gravel, obliquely stratified,

d) 0.50 m. gravel with pebbles up to 15 cm. dia., of pavement type,

e) 0.30 m. gravel, growing smaller downwards and passing into light-coloured
fluvioglacial sands,

f) 050 m. light-coloured, medium-grained stratified sand.

At Kolczyn, the geological structure of the terrace is not unlike the
hitherto determined structure. Fluvial waters have eroded the layer
of boulder clay, covering the residual pavement by their deposits.

The stratified sands slope towards depressions (kettles?) in the
terrace. However, it is not always easy to distinguish such later distur-
bances of these deposits from previous delta accumulation. At any
rate, in must always be kept in mind that local streams must hawe
played a conspicuous part in forming of terrace accumulation.

The problem ot dead ice in the ice-marginal streamway and of the
terrace connected with it requires further, more detailed investigation.
It is precisely the terraces situated in the Gorzéw Basin that constitute:
a suitable object for investigation of this kind.

The above description proves the upper transitional terrace (b) to
be of an erosive character. On top of the erosivety cut boulder
clay, or on a residual boulder pavement, fluvial deposits of several
meters' thickness are laid down. It is only in the Gorzow Basin, where:

http://rcin.org.p
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this terrace was formed in a hitherto indeterminate comtact with dead
ice, that fluvial deposits resembling a delta type appear, in connection
with the inflow of waters of nearby small rivers. Coarser material
occasionally appearing here may also be the result of incision of
a water channel into massed ice *.

The granulometrical analysis of the deposits of the
upper transition terrace (b), shows that downstream the degree of
rounding increases very intensely, exhibiting a distinct interruption
below the mouth of the Drawa, probably owing to the inflow of less
rounded material carried by the waters of the Drawa river (Fig. 7).

What is the further course of the upper transition terrace (b) below
the junction of Warta and Odra? In the neighbourhood cf Kostrzyn,
adjacent to a fragment of an ice-marginal streamway terrace of 32 m.
altitude, lies a terrace level; like the former terrace, it is undercut by
recent meander erosion of the Warta river and extends, in the shape
of a clearly discernible lobe, at a height of 20 to 17 m. along the slope
bottom of a plateau, spread above and below the mouth of the Mysla
river. I am inclined to consider this terrace a fragment of a upper
transition terrace (b), deformed by adjacent cone deposits laid down by
the Mysla river, and by aeolian forms.

The continuation of the upper transition terrace (b) in the Kostrzyn
Basin and in the valley of the Lower Odra river resembles the course
of the upper terrace. According the field studies conducted by Liedtke
and others, there occurs on the terrace island of Bralitz—Neuenhagen,
below the upper terrace of 16 m. altitude a terrace fragment at a level
of 12 m., corresponding to the upper transition terrace (b). This same
terrace is also visible on the Polish side, at Osinow Dolny, at a similar
altitude; it is built of fine-grained sands with intercalations of small
pebbles. On the terrace peninsula near Hohensaaten, this same terrace
appears at 11 m. a. s. 1., and near Schwedt, in the Lower Odra valley —
at the altitude of 10 m. a. s. 1. This is probably the lowest fragment
of this terrace so far identified. Consequently, within the known limits
of the extent of this terrace, from Pita (57 m. a. s. 1.) to Schwedt in the
Lower Odra valley (10 m. a. s. 1), over a distance of some 242 km.
the gradient of this terrace is 1:5140.

The relative height of the upper transition terrace (b)
varies between 6 and 11 m. (in some places even up to 14 m.); at the
mouth of the Gwda river it is 9 m,, reaches its maximum height near
the mouth of the Drawa river (from 14 to 11 m.), decreases to only 6 m.

* The problem of the interrelation of blocks of dead ice and fluvial erosion has
been discussed, among others, by T. Bartkowski (4).
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near the junction of Note¢ and Warta, and again increases to 7 to 9 m.
further down. 7 to' 9 m. is the mean value of the height of the upper
transitional terrace (b).

Te be sure, the upper transition terrace (a) does not reach as far as
the Torun Basin, and its upper limit is probably the Ujscie Basin. It has
its counterpart not only in the Drawa valley, but also in the Warta
valley, south of the ice-marginal streamway. This upper transition ter-
race (a) represents one of the briefer phases in the development of the
ice-marginal streamway, in connection with the oscillations of the
base-level of erosion brought about by the gradual recession of the
inland ice.

TRANSITIONAL UPPER TERRACE (a),
OR THE 5-METRE TERRACE (I)

At the point of northward diversion of the Vistula there has been
preserved, near Ostromecko, a terrace fragment at the altitude of 65 m.
(17). It is undoubtedly connected with the northward run-off of the Vi-
stula, and has been preserved as a meander step. It seems possible,
however, that this terrace is also continued in the Noteé—Warta ice-
marginal streamway. In their observations of a section of the ice-mar-
ginal streamway, St. Kozarski and J. Szupryczynski (37) found, on its
both sides, low-lying terrace remnants, of 60 m. altitude in the east
and 55 m. in the west, i. e. north of Chodziez; this terrace they ca'led
the lower terrace. A distinct erosive step separates this terrace from
the upper terrace, while downwards. i. e. towards the flood terrace, the
morphological boundary is less marked, particularly in those places,
where young alluvial cones were deposited on the upper transition
terrace. According to the above-mentioned authors, inter- moraine sands
and gravels built this terrace. On the level surface of the terrace
a residual pavement with big boulders, of up to 0.5 m. diame:er
appear — thus plainly an erosive terrace! In numerous localities, such
as Mieczkowo, Lipia Gora, Heliodorowo, irregular dunes have deve-
loped, 10 to 12 m. high.

The terrace of the Note¢ ice-marginal streamway, described above
and first investigated by St. Kozarski and J. Szupryczynski (37) in the
section between Naklo and Milcz, continues not only in the Ujscie
Basin, but also near the mouth of the Drawa river, in the Gorzow
Basin and in the Lower Odra valley; everywhere it is the first terrace
extending above the flood terrace. Consequently, this is a terrace level
extending from the Torun Basin as far as the Lower Odra river and
representing one of development stages of valleys on the glacial Po-

4 — Prace geograficzne
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lish Lowland. As far as my own nomenclature of terraces is concerned
which I am basing on the division of terraces in the Torun Basin and
the Lower Vistula valley, 1 have termed the lowest terrace level in the
ice-marginal streamway discussed the upper transition terrace (a), or
the 4 to 5 m. terrace, taking into consideration its prevalent relative
height (see description on page 51).

In the Ujscie Basin, the upper {ransition terrace (a) appears along
the lower Gwda river at 52 m. a. s. 1., breaking off erosively, identi-
cally as, in its extension, the upper transition terrace (b), — against
the peaty floor of the ice-marginal streamway. On the flat, wooded
surface of this terrace, in the neighbourhood of Motylewo (south of
Pita), dunes have developed, while in the terrace edga sands are
exposed, containing considerable quantities of boulders in their top
part. This proves the upper transition terrace (a) to be of erosive
character. A similar terrace also appears somewhat further northward,
encircling the repeatedly mentioned terrace peninsula at Pita (57 m. a.
s. 1. — see Fig. 7). Sands, gravel and boulders are building this terrace;
this material reaches as far as the water level of the river, even lower.
It has been found that the present-day bed of the Gwda river is incised
in this gravel. Only on the flood terrace a slight cover of fluvial silts
has been found.

Wider spread is this terrace in the Drawa Basin subsiding from
40 m. a. s. 1. in the narrowed stretch of the icesmarginal streamway
near Gulcz, to 29 m. a. s. 1. south of Drezdenko, where gravel with
pebbles forms ihe flat surface of this terrace. Along the Lower Drawa
river the upper transitional terrace (a) appears too, breaking off against
he peaty bottom of the basin. Here the edge this terrace shows the
effect of melting blocks of dead ice.

At Jagodzin, south of Gorzow, the discussed terrace forms a terrace
island of 23 m. absolute altitude. In the slope of the terrace the follo-
wing strata are uncovered:

a) 0.95 m. sands (0.3—0.4 mm. dia.) and fine gravels (1—4 mm.), with many
pebbles on the surface of the terrace,

b) 0.05 m. pavement built of rounded pebbles 3—5 cm. diameter,

c¢) lower down — gravel.

Thus the terrace continues to show an erosive feature.

Further fragments of the upper transition terrace (a) have been pre-
served along the Odra river too. Near the mouth of the Mysla into the
Odra, there extends a terrace fragment at the absolute altitude of some
14 m., running along the foot of the upper transition terrace (b). Both
terraces, as described above, have been deformed by cone alluvia,
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aeolian processes and, possibly, also by dead ice melting processes.
Is should be emphasized that the morphological boundary dividing the
two terraces is rather indistinct. The same terrace appears also on the
left bank of the Odra river, near Schwedt, at 6 m. a. s. 1., and further
north again, in the neighbourhood of Gartz, at the altitude of 4.5 m.
on the left bank, and at 4 m. a. s. 1. on the right bank of the Lower
Odra river.

Consequently, upon the discussed valley section, the upper transi-
ticn terrace (a) subsides from 60 m. a. s. 1. in the neighbourhood of Na-
klo, to & some 4 m. a. s. 1. along the Lower Odra river near Gartz;
considering the distance of some 316 km. separating these two loca-
lities, this means a gradient of 1 :5530.

The relative height of the upper transition terrace (a) va-
ries between 6 m. on the Note¢, and 3,5 m. on the Lower Odra, while
locally it even decreases to as little as 2 m.; mostly it is 5 m.

Material for the granulometric analysis has been taken from one
locality only, namely a point on the terrace island south of Gorzow.
This analysis, carried out by W. Stankowski, shows a high
degree of rounding (see Fig. 7), considerably higher than the degree
of rounding of the deposits of the upper transition terrace at this place.

The upper transition terrace (a), of predominantly erosive character,
represents the run-off of fluvial waters along the Warta—Note¢ ice-
marginal streamway and along the Lower Odra valley to the Baltic,
similarly as the two successively higher terraces.

GENERAL REMARKS ON ICE-MARGINAL
STREAMWAY TERRACES

The description hitherto presented shows that in the ice-marginal
streamway there appear, above the valley floor (i. e. the tlood terrace
1—2 m. high), five terraces disregarding fragments of a few local
terraces of a transition character:

I. The upper transition terrace (a)*. or the 5 m. terrace (average
gradient 1 : 5530),

II. The upper transition terrace (b), or the 7—9 m. terrace (average
gradient 1 :5140),

III. The upper terrace, or the 10—12 m. terrace (average gra-
dient 1 :6000),

IV. The ice-marginal streamway transition terrace, or the 15—22 m.
terrace (average gradient 1 :6360),

* The author uses terrace names taken from previous contributions (17, 18).
See also Fig. 1.
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V. The ice-marginal streamway or outwash terrace, relative height
18—25 m. (average gradient 1:6420 * or 1: 7270 **).

All the above terraces distinguished in the Note¢—Warta ice-mar-
ginal streamway already appear in the Torun Basin. It is only the
upper transition terrace (a) that does not appears until the Pitla Basin.
The (outwash) ice-marginal streamway terrace and ice-marginal stream-
way transition terrace continue in the Randow valley; the upper terrace
of the ice-marginal streamway shows a bifurcation character, passing
not only into the Randow valley, but also showing in the Lower Odra
valley. The remaining, lower terraces of the ice-marginal streamway
appear, further on, exclusively in the Lower Odra valley. Consequently,
three phases may be distinguished in the development of the terraces
of the ice-marginal streamway, namely: 1) the phase of the Notec—
—Warta—Randow ice-marginal streamway, 2) the bifurcation phase,
and, 3) the ice-marginal streamway — Odra phase.

The vertical distance between the individual terraces is surprisingly
alike (at an average 4—5 m.); this seems to be evidence of a regula-
rity of the erosive rythm, caused by oscillations of the base-level of
erosion. It is only in the initial part of the longitudinal profile of some
of the terraces that their gradient increases and due to this, the dis-
tances between the terraces vary. Moreover, the average gradient of
the younger terraces is slightly greater than that of the older terraces,
which may have been caused by the shortening of the lower river
course after it reached the Pomeranian Bay (Zatoka Pomorska).

All the terraces show an erosive or, erosive-aggrading
character, showing a 1—2 m. layer of fluvial deposits laid down on
moraine and inter-morsine deposits. In accordance with the changing
geological structure of the Pleistocene deposits there are alternately
exposed, on the different valley terraces, boulder clay, stratified flu-
vioglacial sands and gravels, and varved clay; boulder clay most fre-
quently appears on the higher terraces, while intermoraine deposits
are found on the lower terraces (see, among others of terrace profile
of the lower Gwda valley (Fig. 1). In view of the erosive character of
the terraces, we frequently observe on their surface merely a moraine
residuum, in the form of a pavement of boulders of varying size, while
fluvial sands lie almost directly in top of fluvioglacial sands. On the
terraces with a sandy surface dunes have developed, here and there
forming compact dune fields. The problem of dunes in the Notet¢—
—Warta ice-marginal streamway has a rich literature of its own. Among

* On the Bydgoszcz—Bagemiihl section (Randow valley).
** In the Aleksandrow-Kuj.—Bagemiihl section.
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Fig. 7. Graphs of average rounding of grains of some of terrace deposits in Noteé—
Warta ice-marginal streamway, Lower Odra valley and Randow valley, according to

W. Stankowski's measurements
A — ice marginal streamway terrace; B — ice-marginal streamway transition terrace; C — upper
terrace; D — upper transition terrace (b)
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more recent contributions, those by W. Mroézek, L. Pilarczyk
and J. Irla should be mentioned. -

ROUNDING OF GRAINS OF TERRACE DEPOSITS

Rounding of grains of terrace deposits shows a far reaching regu-
larity and illustrates the variability of sedimentational conditions du-
ring the successive development phases of the Note¢c—Warta ice-mar-
ginal streamway (Fig. 7). A description of the method of investigating
the rounding of sand grains has been given on page 24.

The deposits of the ice-marginal streamway (outwashj terrace show
a gradual but constant increase in rounding, characteristic for deposits
of running waters, and undisturbed by midway entry of outwash trains
of the Gwda and Drawa rivers; this regularity of rounding is probably
due io simultaneous existence and similar lenght and gradient of these
outwash trains. On the other hand, the rounding of the grains of de-
posits of subsequent terraces clearly shows marked disturbances along
the course of the river, wherever the ice-marginal streamway deposils
were augmented by deposits of the Gwda or Drawa, both of which
possess dissimilar sedimentation conditions, caused probably by the
steeper gradient of those rivers. At any rate, the diagrams of grain
rounding of the deposits of the individual terraces confirm our descrip-
tion of terrace levels, established on the basis of morphological criter:a.

TERRACES IN VARIOUS VALLEYS JOINING
THE NOTEC—WARTA ICE-MARGINAL STREAMWAY

The terraces of the Note¢—Warta ice-marginal streamway, described
above, and their extensions in the Lower Odra valley and the Randcw
valley have their counterpart in the valleys which enter the ice-mar-
ginal streamway. Worthy of particular attention are the mouth sections
of those valleys, where their terraces pass directly into ice-marginal
streamway terraces, or break off above lower terraces of the ice-mar-
ginal streamway and are continued in further-lying ice-marginal stream-
way terraces fragments. The terraces of valleys joining the ice-marginal
streamway represent an important corroboration of both number and
type of terraces which we distinguish in the ice-marginal streamway.

TERRACES OF DRWECA VALLEY (FIG. 8)

The comparative table of terraces found in the mouth section of the
Drwegca valley and in the Torun Basin (see page 56) proves the close



Terraces in Mouth of Drweca Valley 55

MORAINE PLATEAU § 5
S ) ) [
BT EREE T e o .'._'f"j iq%L::::

Wt 1{—"1
1200

(Wi

s

TaY

H
WO T 1

Fig. 8. Morphological map of mouth of Drweca valley.
1 — upper terrace; 2 — upper transition terrace; 3 — lower middle terrace; 4 — lower terrace;
5 — upper flood terrace (I step)

connection between both valley levels which, incidentally, show almost
identical relative beights, It should be emphasized, however, that in the
discussed section of the Drweca valley there does not appear any
upper middle terrace, which, admittedly, is also lacking in the part
of the Torun Basin adjoining the Drweca valley, but which further west
and especially, near the mouth of the Brda river occupies wide areas,
incidentally constituting west of Bydgoszcz the bottom of the ice-mar-
ginal streamway. Nor is there any middle step of the upper terrace.
Particularly note worthy, however, is the fact that in the mouth section
of the Drweca valley no terrace higher than the upper terrace has been
found, which might be considered a counterpart to of the ice-marginal
streamway (outwash) terrace of the Note¢—Warta ice-marginal stream-
way. It must be admitted that this terrace does not exist in the Torun
Basin either. Even so there is a chance as mentioned before-that, a small
terrace fragment, situated near Aleksandrow Kujawski at 81 m. a. s. L
and described by W. Mrézek, might be a remnant of this ice-mar-
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Table 1

The terraces in the mouth section of the Drweca valley,

and in the Torun Basin

Name of terrace (referring

Absolute altitu-

Relative height in metres

to the 1934 division of |
terraces, (17) de, in metres in the Drweca in the Torun
valley Basin
Upper (III step) t. 72—70 32—31 32
Upper (I step) t. 63 23 25
Lower middle t. 55—53 15 14
Lower t. 51—49 11 11
Upper flood (I) t. 46—44 6—5.5 7
Upper ilocd (II) t. 42 1.5 4
Table 2

The terraces in the Notec—Warta ice-marginal streamway, in the Brda
valley and in the Lower Vistula valley (in morphological order)

Terraces in the
Note¢c—Warta

Terraces in the

Brda valley

Terraces in the
Lower Vistula valley

ice-marginal streamway (18) (17)
V. ice-marginal XI. outwash t.
streamway t.
IV. ice-marginal X. transition t.
streamway
(transition) t.
111, upper t. IX. upper t. Vc. upper (step c) t.
II. upper VIIL transition t. Vb. upper (step b) t.
transition (b) t.
I. upper VII. transition t. Va. upper (step a) t.
transition (a) t.
Ice-marginal streamway VI. upper middle t. IV. upper middle t.
floor (flood terrace)
Aggradation of the V. lower middle t. III. lower middle t.
ice-marginal streamway e lowar it T o §
with mud and peat bogs - : ; :
II1. upper flood t. I3. upper flood (NI step) t.
I1. upper {flood t. I5. upper flood (II step) t.
I. upper flood t. Ij. upper flood (I step) t.
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ginal streamway terrace. The problem is the more important since in
the first phase of its existence, undoubtedly the E—W section of the
Drweca valley must have played the role of a valley of ice-marginal
streamway type, carrying of the inland ice meltwater at the time of the
Pomeranian stage (19). Field investigations of the terraces of the
Drweca valley are under way (J. Machinko and Z. Churski).
They detected remnants of a terrace, higher than the upper terrace,
not only in the N—S section of the Drweca valley connected with the
Ostroda outwash plains, but also in the lower-lying E—W part of the
Drweca valley.

TERRACES OF OUTWASH AND VALLEY OF BRDA RIVER
(see Table 2)

According to the author's research (18), all the terrace levels in the
Brda valley, whether connected with the development of the Noteé
ice-marginal streamway or with that of the Lower Vistula valley, have
been preserved. The Brda valley is accompanied by an outwash plain
terrace, which passes into an ice-marginal streamway (outwash) terrace
within the area of the Note¢—Warta ice-marginal streamway. Alto-
gether, eleven terrace levels have been determined here.

The terraces of the Brda valley are of essential importance for the
reconsiruction of the development of the Noteé—Warta ice-marginal
streamway and the Lower Vistula valley, constituting an area of corre-
lation with terraces of other valleys. Along the Brda river the outwash
phase of the ice-marginal streamway phase is perpetuated as well as the
time when all the river waters of the Lower Vistula Valley were diver-
ted northwards and abandoned the ice-marginal streamway. The latter
event took place at a time when the Brda river was flowing on a ter-
race 50 m. a. s. 1. (middle lower terrace) with an eastward gradients,
towards the Lower Vistula valley, in contrast with the westward gra-
dient of the ice-marginal streamway. The detailed correlation of the
Brda valley and the Brda outwash with terraces in the ice-marginal

streamway has been given above, in the description of the succes-
sive terraces.

TERRACES OF LOBZONKA VALLEY

According to L. Sytnik's* field studies in the Lobzonka valley,
which in this respect resembles its tributary, the Orla valley (the latter

* Lestaw Sytnik: Morfologia doliny Lobzonki (Morphology of the Zobzonka
Valley), Master's thesis (in typescript), Torun, 1958.
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the subject of investigations by K. Kozlinska), the following ter-
races of erosive character appear there:

VI. the 15-metre terrace (?)

. the 10.5 13.5-metre t
V. the to metre terrace l sl sttty

with reference to the
2-metre flood terrace

IV. the 7.5 to 10-metre terrace
III. the 5 to 6-metre terrace
II. the 3 to 4-metre terrace

I. the 2-metre terrace

Taking into account the aggraded 2-metre flood terrace into which
the Lobzonka river is incised, we may consider the II. terrace of the
tobzonka valley to be the counterpart of the 5-metre terrace in the
ice-marginal streamway, the III. terrace of the Lobzonka to be the
counterpart of the 7 to 9-metre terrace in the ice-marginal streamway,
which admittedly appears only near the mouth of the Gwda river,
the IV. terrace of the Lobzonka to be the counterpart of the 10 to
12-metre terrace in the ice-marginal streamway, and the V. terrace in
the kobzonka the counterpart of the 15 to 22-metre terrace in the ice-
marginal streamway or in other words, the ice-marginal streamway
transition terrace. L. Sytmik has found the VI. terrace (15-metre) of
the Lobzonka valley in one place only, at Klawki and expresses his
doubts as to its continuing in the Lobzonka valley. On the assumption
that this highest valley level has been destroyed during the formation
d the succedingly lower valley terraces, we may take it for granted
tiat the highest terrace was formed at the time of the oldest ice-mar-
¢inal streamway phase, as the floor of a river which joined the nearby
ice-marginal streamway waters. The I terrace of the kobzonka is
cbserved mainly in the central and upper segment of the wvalley,
and thus is less connected with the ice-marginal streamway as its base-
1vel of erosion. The considerable height of the flood terrace of the
Iobzonka valley must be ascribed to the period when the ice-marginal
dreamway was abandoned and its peat cover was developing. The
small erosional steps, incised into the flood terrace of the Lobzonka,
vere probably formed during the meandering of the Note¢ river. Con-
equently, the terrace of the Lobzonka valley fully correspond to the
ire-marginal streamway terraces, confirming both their division and
tieir genetic character.

TERRACES OF OUTWASH AND VALLEY OF GWDA RIVER

In his contribution mentioned above, H. G. Ost (58) describes
nostly the outwash terraces showing along the Gwda valley, paying
bss attention to younger valley terraces which he calls post-Baltic
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terraces. Both the outwash and the valley trains of the Gwda comnstitute
a striking analogy with regard to the terrace levels along the Lower
Brda river. At any rate, there is no doubt as to a marked concordance
between the Gwda terraces and the terraces in the ice-marginal stream-
way. As mentioned before, transition of the system of terraces of the
Gwda river into the system of terraces of the Note¢ ice-marginal
streamway takes place within the Ujscie Basin. Without taking into
consideration the older, local outwash tracks which make their appea-
rance on various heights in the neighbourhood of the outwash wvalley
of the Gwda and of the ice-marginal streamway *, it may be claimed
that the outwash terrace of the Gwda passes, with a considerable gra-
dient, into the more gentle gradient of the ice-marginal streamway ter-
race (see map, Fig. 10), maintaining its direction as far as the bend in
the ice-marginal streamway, near Czarnkow. In view of the existence
of a narrowed stretch of the ice-marginal streamway west of the
mouth of the Gwda, we may consider the eastern part of the Note¢
ice-marginal streamway to be merely a lateral branch of the ice-margi-
nal streamway, starting with the meridional course of the outwash
valley of the Gwda river.

Along the Gwda and the Note¢ rivers there extend successive ter-
races, which may be traced both upstream in the Gwda valley and
downstream along the Note¢ ice-marginal streamway. For the first
time fragments of the upper transition terrace (b) have been found here
at 55 to 57 m. a. s. l.; its counterpart in the Gwda valley (north of Pita)
is a fragment of alluvial terrace at 63 and 64 m. a. s. 1. The terraces
are reworked by widespread melting forms (kettles), dissected by small
tributaries of the Noteé¢, and undercut by this river. The problem of
kame forms, suggested by H. G. Ost, has been discussed on page 45.

TERRACES OF OUTWASH AND VALLEY OF DRAWA RIVER

Like along the lower Gwda, steep-gradient outwash terrace accom-
panying the Drawa river (described in detail by H. G. Ost), breaks off,
by a clearly erosive scarp, above the mouth basin of the Drawa,
further on continued in the ice-marginal streamway terrace, which, in
the shape of extensive fragments, appears in this section of the ice-
-marginal streamway on both sides of the Note¢. Similarly as in the
Gwda valley the valley terraces of the Drawa, including the outwash

* See, among others, the contribution by St. Kozarski, ,Z zagadnien geo-
morfologicznych péinocno-zachodniej czesci Wysoczyzny Gnieznienskiej" (Some Geo-
morphological Problems of the North-Western Part of the Gniezno Plateau"”, Zeszyty
Naukowe U, A. M,, Poznan, 1959.
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transition terrace occupy narrow area only. At any rate, in the Drawa
valley all five terraces are represented as appear in the nearby ice-
marginal streamway (see map, Fig. 10) The aera- of the mouth
of the Drawa shows numerous lraces of shifts of the lower course
of the Drwa; these shifts appear as fluvial chanmels on the terrace
surfaces both of upper terraces, such as the ice-marginal streamway
transition terrace, and of lower terraces, e. g. the upper transition
terrace (a). The terrace island, situated south of the mouth of the Drawa
river has developed due to meander (lateral) erosion of the Noteé.
The mouth basin of the Drawa shows a mainly erosive (meander) cha-
racter, developed in several phases, beginning with the level of the
ice-marginal streamway transition terrace. The centre of this basin is
occupied by the lowest terrace, i. e. the upper transition terrace (a),
strongly dissected due to shallow kettles formed by dead ice.

TERRACES OF WARTA VALLEY

The contact between the terraces of the Notec—Warta ice-marginal
streamway and the terraces of the Warta valley is particularly
important for tracing the development of the ice-marginal streamway,
and for correlating it with the older valley network. The present-day
Warta valley, running parallel with the Note¢ valley, occupies the
southern margin of a gigantic peninsula of the ice-marginal streamway
terrace, to a large extent covered by compact dunes. Thus, the ice-mar-
ginal sireamway terrace extends not only along the Note¢, but along
the Warta river too. Beginning with the mouth of the Welna river, the
Warta, hitherto showing gap features, enters the area of the Note¢—
Warta ice-marginal streamway. The southern side of the Warta valley
consists of a moraine plateau, while on its northern side extends the ice-
marginal streamway terrace, mostly covered by dunes. The terraces
of the Warta river have developed parallel with the terraces of the
Note¢. The highest terrace level in the Warta valley, incised in the
ice-marginal streamway terrace, is the terrace which subsides from
61 m. a. s. l. in the neighbourhood of the junction of Welna and Warta
to 41 m. a. s. 1. in the neighbourhood of the junction of Obra and Warta,
in other words, not far from the place where the Warta valley joins
the Note¢ valley. This terrace corresponds to the ice-marginal stream-
way tramsition -terrace; it was therefore already on the level of this
terrace, i. e. in the phase immediately following upon the ice-marginal
streamway period proper, that the fluvial waters of the Warta river,
flowing from the south, joined the waters of the Note¢c—Warta ice-
marginal streamway.
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Apart from the counterpart of the ice-marginal streamway transi-
tion terrace there appears, in the end segment of the Warta valley near
Skwierzyna, a terrace level of 36—35 m. a. s. 1., corresponding to the
upper terrace in the ice-marginal streamway. On a terrace peninsula
along the right bank of the Warta river, across from the mouth of the
Obra a terrace fragment at 30 m. a. s. 1. has been preserved. It cor-
responds to the upper transition terrace (b) in the ice-marginal stream-
way similarly as a nearby terrace fragment, of 27.5 m. altitude, cor-
responds to the upper transition terrace (a). Consequently it seems
certain that the junction of the waters of the Warta, coming from the
south, with the waters flowing along the Note¢-—Warta ice-marginal
streamway lasts without interruption from the time when, during the
Pomeranian stage, the inflow of outwash waters from the north, from
the inland ice, ceased.

The terraces of the valley of the Lower Warta were the subject of
many contributions by both Polish and German scientists. Recently they
have been described by T. Bartkowski (5 in his synthetic consi-
derations of the development of the late-glacial hydrographic network
in the central area of Wielkopolska. This author established the follo-
wing relative heights of river terraces of the northern section of the
Warta wvalley (i. e. downstream its gap section). For the direct compa-
rison, the relative heights of the terraces of the Notec—Warta ice-mar-
ginal streamway have been given on the Table 3.

Table 3
Warta valley Note¢—Warta ice-marginal
streamway
Terrace I 0—3 m. Upper flood terrace
o II 3—6 to 4—7 m. 5 m.
" Il 9—10 to 11—13 m. 7— 9 m.
* . IV9—11 to 15—17 m. 10—12 m.

T. Bartkowski asserts that delimitation between terrace IV and
terrace V is not always indisputable. This is easily understood, taking
into consideration the very slight difference in their relative heights.
I also think that s number of terrace remnants in the section of the
Warta valley under discussion should be assigned not to terrace IV,
but to terrace V, i. e. to the highest terrace in the Warta valley, corres-
ponding to the terrace of the Note¢—Warta ice-marginal streamway.

Here, also, arises the problem of terrace VI, distinguished by
T. Bartkowski as the highest level, no more fluvial, but constituting
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a transition stage to outwash forms. In his opinion, terrace VI occupies
the entire area between the Note¢ and Warta rivers (a terrace penin-
sula), and, further eastwards, the so-called ice-marginal streamway of
the Welna river.

In my own opinion, some misunderstanding occurs here. I consider
it inadmissible to correlate local outwash terraces, connected with the
halt of inland ice along the so-called Northern Poznan moraines,
with the main ice-marginal streamway terrace (between the two rivers),
which developed during the Pomeranian stage. Besides, as indicated
by both description and longitudinal profile of the terraces in T. Bart-
kowski's contribution (5, Fig. 14), this level shows no westward gradient.
Moreover, in the longitudinal profile, terrace VI is composed of two
separate levels. The lower level, from 60 to 61 m. a. s. l.,, extending
from Obrzycko westwards, may correspond to the ice-marginal stream-
way terrace, occupying — as shown by the author — the entire terrace
peninsula; on the other hand the higher level (65 m. a. s. 1.}, extending
at the same height eastwards beyond the mouth of the Welna river,
corresponds to an older outwash, which may also have has its run-off
westwards even prior to the formation of the Note¢—Warta ice-margi-
nal streamway (incidentally resembling the older outwashes in the Go-
rzow Basin, as demonstrated by H. Liedtke — see page 9). On the
other hand, 1 agree with T. Bartkowski, that, in the gap segment of the
Warta valley, at the level of terrace VI which terrace corresponds &s
to its relative height to terrace IV or V on the northern section of the
Warta valley (17 to 20 m.), there might have existed a bifurcation of
the waters coming from the Warsaw—Berlin ice-marginal streamway
into the Note¢c—Warta ice-marginal streamway. This is precisely
the terrace which — as demonstrated above — corresponds to the
ice-marginal streamway transition terrace in the Note¢—Warta ice-
marginal streamway, as the oldest level entering by way of the Warta
valley the Note¢—Warta ice-marginal streamway.

TERRACES OF KLODAWKA VALLEY

At Gorzow, situated on the northern side of the Note¢c—Warla
ice-marginal streamway, below the entry of the Warta into the ice-mar-
ginal streamway, into this streamway enters the small Klodawka
valley which,according to L. Pilarczyk's investigations (62), has
six terraces. The Ktodawka, like the Brda, Gwda and Drawa rivers, is
an outwash river draining the Barlinek outwash, which is genetically
connected with the moraines of the Pomeranian stage. The first, i. e.
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the lowest of these terraces (1—2 m.) distinguished by this author, is
the flood level of the ice-marginal streamway, while the second, third
and fourth terraces appear, in the form of small ledges, both in the
Klodawka valley and at its outlet into ice-marginal streamway. In the
Klodawka valley, L. Pilarczyk discovered a fifth terrace and a sixth
terrace too, which, in his opinion, is a prolongation of the Barlinek
outwash. We are interested in the terrace of the Ktodawka valley be-
cause of their connection with the terraces of the Note¢—Warta ice-
marginal streamway terraces, described above. Table 4 is a compara-
tive table of the terraces from the neighbourhood of the mouth of the
Ktodawka into the ice-marginal streamway (according to L. Pilarczyk),
and of the lerraces of the ice-marginal streamway (according to the
author's own research):

Table 4

Mouth of the Klodawka valley

X Total ice-marginal streamway
into the ice-marginal streamway

1) 5-metre terrace 5-metre terrace
2) 8-metre terrace 7— 9-metre terrace
3) 9—11-metre terrace 10—12-metre terrace
4) 12—14-meire terrace 15—22-metre terrace
5) 15-metre terrace 18—25-metre terrace

The above comparative table demonstrates the full agreement of the
first three terrace levels distinguished. The fourth terrace oif the mouth
of the Klodawka is probably a transition level, connected with a chan-
ge of the base-level of erosion caused by a lateral shift of the me-
andring ice-marginal streamway waters, whereas the 15-metre terrace
of the Klodawka, the highest terrace level discovered along the Klo-
dawka, is connected with the 15 to 22-metre terrace of the ice-marginal
streamway. This is the ice-marginal transition terrace. At this period
there was no run-off of outwash waters any more, neither along the
Brda nor the Gwda or the Drawa, nor — ever less so — along the Klo-
dawka, since the iobe of the Odra had undergone deglaciation earlier
than the parts of the inland ice farer east, from which the outwash wa-
ters were flowing. Consequently, the 15-metre terrace of the Klodawka
is undcubtedly a river terrace, representing the oldest phase in the
development of the Klodawka river. On the other hand, the erosive
plain at a level of 60 to 65 m. extending along the eastern bank of the
Klodawka valley represents in accordance with the opinions of Wold-
stedt and Liedtke, the level of an outwash run-off, older than the ice-
marginal streamway terrace; a similar outwasch plain reaches the ice-
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marginal streamway above Santok, breaking off at approx. 60 m. a. s. 1.
above the terraces of the ice-marginal streamway, or an outwash,
which ends erosively at approx. 40 m. a. s. 1. on both sides of the Myéla
valley above the Odra valley.

In the Finow valley, entering the Odra valley from the
west, there appear, according to German investigations, 4- and 8-metre
terraces. They correspond to terraces I and II in the Odra valley. In
the Mys§la valley, which enters the Odra valley from the easi, three
terraces have been found, of relative heights of 5, 9 and 15 m. respecti-
vely. Consequently they correspond to terraces I, II and IV of the
Odra Valley. These terraces have been undercut by the Odra. There-
fore their absolute heights in the places of undercutting are different
(higher) than in the Odra valley.

The above survey of terraces in the valleys connected with the
Notec—Warta ice-marginal streamway confirms the division, made
above, of the terraces in the ice-marginal streamway into five terrace
levels, which appear, in larger or smaller fragments, over the entire
length of the ice-marginal streamway (disregarding local outwash
plains, which break off in erosive scarps above the ice-marginal stream-
way, and without considering the 1 to 2-metre over-flood terrace). In
the light of this determination it has in turn been possible to interpret
the morphological age and genetic character of terraces in the valleys
connected with the ice-marginal streamway. This analysis leads us to
a definition of the part played by the Note¢—Warta ice-marginal
streamway, in the late-glacial drainage on the Polish Lowland pre-
sented in the final chapter of the present paper.

FLOOR OF ICE-MARGINAL STREAMWAY

After the Vistula waters had abandoned the ice-marginal streamway
and, after an extended period of bifurcation, had definitely turned
northwards, running off by the present-day valley of the Lower Vistula,
the ice-marginal streamway floor was gradually filled with muds and
peat bogs. A general picture of the floor of the ice-marginal streamway,
for the section from Bydgoszcz to Santok, disregarding peats and depo-
sits connected with them, was obtained by T. Churski (10) on the
basis of 1070 sounding and borings, undertaken in 1954 to 1959 in the
area of peat formations covering the ice-marginal streamway; this field
work was carried out by Zaklad Wykorzystania Torfowisk Instytutu Me-
lioracji i Uzytkow Zielonych in Warsaw. T. Churski designed a contour
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map of the original floor of the ice-marginal streamway, with numerous
cross-section and a longitudinal profile.

This survey proved that, underlying the organogenic formations,
the floor of the ice-marginal streamway is greatly diversified. Depres-
sions in the floor of the ice-marginal streamway frequently more than
ten metres deep, are separated by swellings reaching up to the surface of
the peat bogs. These swells are formed by alluvial cones of rivers ente-
ring the ice-marginal streamway. The largest of them, separating peat
bogs, were formed by the Note¢ and the Gwda. The bottom of the basin
which underlying the peat, situated east of the cone of the Note¢ riwer,
lies at the altitude of 55 to 52 m. a. s. 1., while the bottom of a basin,
situated between the peat-covered cones of the Note¢ and the Gwda,
is lowered to a minimum height of 45 m. a. s. 1., east of the mouth of
the Lobzonka. In addition to these large depressions there appear nu-
merous small elevations and hollows, some of them former river beds,
other showing the shape of distinct kettles. Below the mouth of the
Gwda there also may be noticed, on the floor of the ice-marginal
streamway underneath the peat, oblong depressions of fluvial type and
kettles. In the formation of peat-bogs, mostly of reed or reed-sedge
type, there participated running waters, waters collecting in basins,
spring waters and surface waters flowing down valley slopes. Usually
the peat is markedly muddy. The total thickness of both gyttja and peat
may reach as much as 15 m; as a rule, it is several metres.

The small lateral valleys of the ice-marginal streamway are filled
with peat, e. g. the Sleska Valley, west of Naktlo, investigated by Zofia
and Zygmunt Churski (9). In the bottom part of gyttja and peat, in
silt sediments there appears a macological fauna. The filling of the
channel of the ice-marginal streamway with organogenic sediments
must have started in the pre-Boreal period (60, 76).

Instead of peat, locally underlain by gyttja, sands, interbedded with
peat and silts cover in many places the surface of the ice-marginal
streamway floor. The thickness of the sediments which fill the former
ice-marginal streamway bottom may amount to 9 m., as is the case, e. g.,
in the neighbourhood of Gorzow (62), where sands and fluvial gravel
with pebbles lie underneath.

The rich and varied relief of the ice-marginal streamway bottom is
a result both of the erosive and aggrading action of rivers, and of the
melting of dead ice blocks. Filled with fluvial and organogenic depo-
.sits from the period when river flow in the ice-marginal streamway
dwindled, the ice-marginal streamway floor represents the lowest valley
level, formed by these waters prior to their abandoning the ice-mar-

5 — Prace geograficzne
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ginal streamway and continuing their run-off along the Vistula valley
(see comparative table of terraces on page 56). Between the towering
ice-marginal streamway terrace and its now covered bottom there took
place the entire geomorphological history of the late-glacial Notec¢—
Warta ice-marginal streamway, genetically connected with the Pome-
ranian stage, and developing up to the period when the Vistula waters
changed their run-off to the north, along the Vistula valley.

And it is here that a now problem arises. Numerous borings within
the area of the ice-marginal streamway have proved the existence of
fossil valleys, reaching a great many meters below the floor of the
ice-marginal streamway.

As early as in 1885 Liebenau (47) indicated in his geological
atlas of Bydgoszcz the existence of a fossil valley, running parallel to
the Lower Brda river (north of Bydgoszcz), incised in Pliocene clays
and filled with fluvial and fluvioglacial deposits *. Recently, M. Zu-
rawski (86) has described this same fossil valley a second time,
unaware of Liebenau’s contribution. According to M. Zurawski's descrip-
tion the width of the fossil valley is 1000 to 1500 m. Its bottom
lies approx. 21 m. below sea level. The depth to which the valley is
incised in Tertiary sediments reaches up to 65 m., while the depth of
the valley bottom with regard to the present-day surface, represented
by the upper middle terrace (55 m. a. s. 1), i. e. the floor of the Note¢—
—Warta ice-marginal streamway (see table of terraces on page 56)
amounts to 76 m.

The fossil valley in question has no kind of connection with the
present-day postglacial valley of the Brda river. The present-day Brda
flows along the lowest course since the time its valley was formed, or
it flows in a channel filled with alluvia of several metres thickness. The
author's investigations in the Brda valley (18), in the profile of the
upper middle terrace north of Bydgoszcz, indicate, under a 0.70 m. top
layer of soil and sands, 1.40 m. compact yellow boulder clay laid down
on the Pliocéne Poznan clays. At Tryszczyn, on the right bank of the
Brda, sands and gravel appear on the above terrace directly on top of
the Poznan clays, while on the surface of the terrace piles of coarser

material may be seen, including boulders up to 1 m. dia. This shows that
at the level of the terrace under discussion fluvial erosion reached as
far as the surface of the Poznan clays. In the light of the above facls
we have the right to consider the fossil valley in the neighbourhood

* See its description in the paper by R. Galon: Z geografii Bydgoszczy (A Con-
tribution to the Geography of Bydgoszcz), in: Przeglad Bydgoski, Bydgoszcz, 1933.
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of Bydgoszcz, appearing deep in the upper middle terrace, to be older
than the boulder clay which here and there appears erosively on the
surface of this terrace, while in other places it is replaced by a resi-
dual boulder pavement. The boulder clay has also been removed by
the erosive action of waters flowing above the fossil valley.

I am inclined to leave open the question whether the removal of the
fairly thin layer of boulder clay was brought about by the action of
waters of the Note¢c—Warta ice-marginal streamway while they incised
progressively older Pleistocene deposits, reached the top of the Pliocene
clays and cut into this deposit too, of whether this process occured
partly too during the phase preceding the formation of the ice-marginal
streamway in its present-day shape, for instance, during the period of
the halt of inland ice along the northern edge of the ice-marginal stream-
way. Undoubtedly, the Note¢é—Warta ice-marginal streamway made use
of an older, perhaps even an interglacial valley track *.

The latter thesis seems to be supported by two cross-section through
the Note¢ ice marginal streamway in the neighbourhood of Debowa
Goéra (Osiek on the Notec¢ river), presented in St. Gadomska's inte-
resting contribution (12). This author had at her disposal material from
two series of drillings carried out transversely to the ice-marginal
streamway and the moraine plateau adjoining this streamway on both
sides. Part of these drillings have pierced the Quaternary deposits and
gave access to Pliocene formations (the Poznan clays) and Miocene sedi-
ments (quartz sands, silts and brown coal). The distance between both
these profiles is barely a few kilometres, hence the cross-sections are
much alike in this place. I am disregarding the profiles of the moraine
plateaus, being interested, in accordance with the subject-matter of the
present chapter, in the deposits filling the ice-marginal streamway. The
profiles drawn by St. Gadomska indicate that underlying the present-day
ice-marginal streamway bottom, filled with peat, there exists a fossil
valley of more than 40 m. depth; in the first profile the width of this
valley is some 5 km., and its floor lies at approx. 10 m. a. s. 1., while
in the second profile the width of the valley is 3.5 km with its floor at
approx. 3 m. a. s. . In St. Gadomska's opinion, this fossil valley was
formed by fluvial erosion, most probably during the last interstadial,
when both Pleistocene and Pliocene deposits were eroded and Miocene
sediments were penetrated. This valley was subsequently filled with
Quaternary deposits from the period of the youngest halt of inland ice
during the Pomeranian stage, at the pericd of the Baltic glaciation and
the late Glacial and post-Glacial. They are deposits of ice-dammed lake,

* See the author's view expressed in 1929 (13).
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fluvioglacial, fluvial and organogenic origin. Their maximum thickness
in the neighbourhood of Zulawka is 42.5 m.*

My own interpretation of both the above profiles differs from St. Ga-
domska's views as summarized above, as to the origin of the fossil
valley. In my comment on the morphology of the Brda outwash and the
Brda valley presented by St. Gadomska. I already pointed out that the
outwash run-off connected with the halt of inland ice during the Pome-
ranian stage reached along the Brda valley, the ice-marginal streamway
at a level of 80 m. a. s. 1. This is the so-called outwash terrace, eroded
principally in boulder clay. The counterpart of this terrace in the Note¢
ice-marginal streamway is, as described above, the so-called ice-mar-
ginal streamway terrace, fragments of which, according to the research
of St. Kozarski and J. Szupryczynski (37) also appear across from De-
bowa Gora, at the altitude of 75 m. a. s. 1. also as an erosive surface.
During the successive development stages of the ice-marginal stream-
way, perpetuated in terrace levels, the fluvial waters, by stages, sub-
sided more and more, depending on changes in the base-level of ero-
sion, ultimately reaching the level of the present-day bottom of the
ice-marginal streamway; this bottom is filled with a layer of organo-
genic deposits of several meters thickness, laid down during the period
of stagnation of waters in the ice-marginal streamway, after it had
been abandoned by the Vistula waters. Near the entry of the Lobzonka
river the former bottom of the ice-marginal streamway lies at approx.
50 m. a. s. 1. It was, therefore, within the range of these two heights,
i. e. between 75 and 50 m. a. s. 1., that the development of the ice-mar-
ginal streamway went forth, connected with the Pomeranian stage of
the last glaciation and the post-Glacial period. Thus the fossil valley or
ice-marginal streamway, described by St. Gadomska, cannot be assi-
gned to the Pomeranian stage, and the various deposits which {ill this
valley are correspondingly older.

Moreover, I wish to call attention to certain inaccuracies in the
interpretation of the borings presented by the above author, and to
the possibility of assuming a different course of the processes of sedi-
mentation, First of all, the ,,Note¢ accumulation terrace' described by
St. Gadomska, visible in both profiles, is identical with the ice-marginal
streamway transition terrace described in the present paper and situ-
ated, within the area under discussion, at 66 to 68 m. a. s. 1. It may not
have been clear from examination of its bore samples that this is an
erosive terrace, incised in stratified intermoraine sands (see descrip-
tion of terrace on page 30), here and there intercalated by wvarved

* St. Gadomska, op. cit, page 379.
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clays or covered with boulder clay or residual boulders. The upper
transition terrace (b), situated at the foot of this terrace mear Lipia
Gora at approx. 63 m. a. s. 1., is similarly incised in stratified inter-
moraine sands and gravels and on the terrace surface heaps of big
boulders are scattered®. In both cross-sections through the ice-marginal
streamway the above-mentioned formation is the substratum for peat
deposits filling the original bottom of the Note¢—Warta ice-marginal
streamway. The stratified sands and gravels underlying the floor of
this valley are continued in intermoraine sands beyond the ice-mar-
ginal streamway. it also seems probable that the series of sands and
gravels underlying, in the area of the ice-marginal streamway, the
intermoraine formation under discussion, is also continued in the
sands which underlie the second boulder clay deposits on the glacial
plateau adjoining the ice-marginal streamway. The conclusion which
suggests itself is simple: the deposits filling the fossil valley are sepa-
rated from the higher-lying bottom of the Note¢—Warta ice-marginal
streamway by at least a series of intermoraine deposits with remnants
of boulder clay. Consequently, this confirms the description of the
development of the Note¢c—Warta ice-marginal streamway given
above, a development perpetuated by four erosive terraces beginning
with the ice-marginal streamway terrace, and, at the streamway's
bottom, slightly covered with organogenic formations. We note here
a striking resemblance with the fossil valley in the neighbourhood of
Bydgoszcz, described by M. Zurawski.

Next arises the question, how to explain the origin of the fossil
valley described above in the depth of the Note¢—Warta ice-marginal
streamway, in the neighbourhood of Debowa Gora. I have my doubts
whether such a river valley exists at that place at all, at any rate, on
the basis of the cross-sections presented by St. Gadomska. Both
the slopes of the fossil valley and the fossil terraces are suggestions
not at all based on boring results. If we do assume the existence of
a large river valley, it seems difficult to explain so big a difference in the
levels of the floor of this valley on so small a distance (3 m. a. s. L
and approx. 10 m. a. s. L), as well as the considerable difference in the
width of this valley from 3.5 and 5 km.) and, finally, its being filled
with ice-dammed lake deposits. It is possible that here we have to do
with sedimentation basins filled with ice-dammed lake deposits; their
later covering with intermoraine sands and boulder clay failed to
level these depressions. The survival of these forms has probably con-

* See photographe 2 in the paper by St. Kozarski and J. Szupryczyn-
ski (37).
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tributed to the subsequent formation of an ice-marginal streamway,
in spite of the existence of numerous elevations of end moraines in

this area.

NOTEC—~WARTA ICE-MARGINAL STREAMWAY
AGAINST BACKGROUND OF GEOLOGICAL STRUCTURE
OF MORAINE PLATEAU

The ice-marginal streamway, incised to a depth of some iens of
metres into the moraine plateau, reveals along its slopes and on the
surface of its erosive terraces the successive elements of a series of
Pleistocene strata, and it deeply penetrates Pliocene and Miocene se-
diments too. In some places, the upper parts of the Pleistocene deposits
have hardly been cut into, while in others, hight up on the slopes of
the ice-marginal streamway and on its terraces, where the Pleistocene
deposits are of smaller thickness, Pliocene Poznan clays are exposed.
For indeed, as well known, the fossil surface of the Tertiary sediments
is very much diversified.

The course of the Warta—Note¢ ice-marginal streamway, except-
ing the Torun and Kostrzyn Basins, does not exhibit any fundamental
dependence with the relief of the Quaternary substratum, the orographi-
cal axes of which rather run cross-wise to the ice-marginal streamway.
Hence the observed variability in the appearance of Tertiary sediments
within the area of the ice-marginal streamway. This same cross-wice
cutting of elevations of the Quaternary substratum by the ice-marginal
streamway may be observed along the ice-marginal streamway section
of the Brda valley, where the Poznan clays attain a height of 66 m.
a. s. ., approaching the altitude of the surface of the upper terrace
of the ice-marginal streamway (approx. 70 m. a. s. 1.). The next incision
of the ice-marginal streamway into Tertiary formations occurs along
Debowa Gora and subsequent moraine elevations, situated above the
northern edge of the ice-marginal streamway, between the Lobzonka
and the Gwda, as well as on the southern side of the ice-marginal
streamway, in the neighbourhood of Chodziez. These elevations, ho-
wever, are connected with glaciotectonic processes on the line of the
fossil Kujawy—Pomeranja anticlinal ridge, and some of these high-
lying Tertiary formations form extensive xenoliths underlain by
Pleistocene deposits. The next elevation of the Quaternary substratum
to be cut by the ice-marginal streamway lies in the neighbourhood
of the large terrace peninsula. Most clearly exposed are Pliocene Po-
znan clays, as well as Miocene quartz sands on the lower terraces of
the Warta valley.
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The thickness of the series of Pleistocene deposits, and, at the same
time, the number of layers of boulder clay depends, as has been said
above, on the relief of the Quaternary substratum. In accordance with
the levelling role played by the cover of Pleistocene deposits on top
of the sub-Quaternary surface, the number of both moraine layers and
inter-moraine deposits increases in depressions of this surface, and
decreases at its elevations.

In the slopes of the ice-marginal streamway there usually appears as
their highest stratum the youngest layer of boulder clay, in numerous
places interbedded by sands or silts. Below this frequently bipartite,
boulder clay, there appers a series of intermoraine stratified sands
and gravels intercalated by numerous lenses of varved clay and silts,
and exposed on erosive terrace levels. Depending on the relief of the
substratum, there appears below this series of intermoraine deposits
a varying number of layers, separated by sands and silts. I am disre-
garding the specific problem of age interpretation of the Quaternary
deposits, even of those intermoraine clays and sands which are exposed
within the area of the ice-marginal streamway. This problem, as to
Quaternary deposits appearing in the neighbourhood of the ice-marginal
streamway, has been dealt with by E. Rihle (65), St Gadomska
(12), B. Krygowski (42), and others. However, following the
example of Z. and Z. Churski (9), I wish to call attention to the
marked variability of the structure of the Quaternary along the ice-
marginal streamway, in view of numerous glaciotectonical dicturbances
determined in this area, and the difficulty of tracing individual depo-
sits over a longer stretch of land. Moreover, even on both the above-
mentioned cross-sections of the Quaternary of the neighbourhood of
the Note¢ ice-marginal streamway near Debowa Gora, barely a few
kilometers distant from each other, the number of boulder clay layers
differs.

At the same time, however, similarly as along the Lower Vistula (17),
one series of strata in particular seems to have, relatively, the most
regular and continuous course. This series of stratified sands and gra-
vels and of varved clay, lying at the bottom of the upper boulder clay
layers. These deposits, erosively incised, appear on nearly all terraces
of the ice-marginal streamway. Long ago, the author has called atten-
tion to the observed accumulation of major series of varved clay,
representing former ice-dammed lake basins, within the intermoraine
formations in the region of the Torun Basin and the Lower Vistula
valley (19). Varved clay appears in numerous places of the Note¢ ice-
marginal streamway between Naklo and Pila, mostly exposed by the
erosive surface of the ice-marginal streamway transition terrace, A ma-
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jor ice-dammed lake basin is contained in the mouth basin of the Gwda
into the ice-marginal streamway, in the neighbourhood of Pita, reaching,
at the least, from Dziemb6éwko in the east beyond the western quarter
of Pila. Here the clays are being utilized in numerous brick-yards (see
Fig. 1). In the mouth basin of the Drawa, for instance on the ice-margi-
nal streamway transition terrace at Drawiny, there also appear major
series of ice-dammed lake clays underneath stratified sands. It is, ho-
wever, the Gorzow Basin in particular, and as a wider form, the Ko-
strzyn Basin which abounds in ice-dammed lake clays, which appear
within a large intermoraine deposit. Among more important localities
.where silts and varved clay appear in greater thickness, there should
be mentioned Skwierzyna-Gaj and Murzynowo at the easiern side of
the Basin, Brzozowiec within the Basin itself, Stonisk on its southern,
Neuenhagen in the west and Witnica and the neighbourhood of Gorzéw
in the north. This indeed is an extensive ice-dammed lake basin, the
sediments of which have been made accessible owing to the erosive
action of outwash streams and ice-marginal streamway waters. Upon
the ice-dammed lake deposiis there most frequently lie intermoraine
(fluvioglacial) stratified sands, deprived of their moraine covering by
erosion; this is indicated by the considerable number of boulders which
occur on the surface of the ice-marginal streamway terraces.

If, moreover, we take into consideration the interpretation given
above of the fossil valleys or basins existing in the Note¢ ice-marginal
streamway and within the area of the ice-marginal streamway in the
neighbourhood of Bydgoszcz, we might suggest the thesis of the predis-
position of the present-day ice-marginal valley of the Note¢—Warta.
It finds its expression not in the relief of the Quaternary substratum
revealing orographical tendencies rather at variance with the course
of the ice-marginal streamway, but in a string of depressions in the
Pleistocene surface left after the penultimate glaciation (glaciotecto-
nics?), filled with ice-dammed lake deposits. The deposits of the last
glaciation failed to level the string of depressions, and consequently,
it became the space for collecting meltwater and for its run-off to the
west.

GEOMORPHOLOGICAL DEVELOPMENT OF NOTEC—WARTA
ICE-MARGINAL STREAMWAY
PHASE PRECEDING POMERANIAN STAGE

An analysis of the ice-marginal streamway terraces and of stream-
way's bottom, and of their connection with the outwash terraces and
the valley terraces of the Lower Vistula and the Lower Odra enables
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us to reconstruct the development stages of the Note¢c—Warta ice-mar-
ginal streamway, from the time of the Pomeranian stage of the last gla-
ciation right down to the present moment.

We still continue to do mere quesswork, in so far as the period pre-
ceding the Pomeranian stage is concerned, a period which reached back
to the moment of the halt of the inland ice along the moraine extending
along the Note¢. At the time of this Note¢ phase there developed nu-
merous marginal forms of inland ice, which owe their glaciotectonic
structure to oscillating movements of the glacier edge. Connected with
these processes is also the formation of terminal depression with thrust
 moraines in the neighbourhood of Chodziez (39). Along the Notec¢ thrust
moraines existed depressions which owed their existence to either
glaciotectonical processes, or to an inadequate aggradation of the
ice-dammed basins formed during the penultimate glaciation. These
depressions started to be filled up with silt deposits which now appear
immediately under the organogenic deposits laid down on the floor
of the later eroded ice-marginal streamway. At the time of these glacial
oscillations there developed local outwash tracks of a general southward
trend, at any rate running contrary to the later E—W course of the
ice-marginal streamway, and concurring only with the meridional seg-
ment of the ice-marginal streamway downstream the mouth of the Gwda.

MAXIMUM PHASE OF POMERANIAN STAGE,
OR PHASE OF OLDER LOCAL OUTWASHES

German investigations indicate that, in the area of the Kostrzyn
Basin and of the ice-marginal streamway gap near Eberswalde*, the
Note¢—Warta ice-marginal streamway was probably formed du-
ring the Pomeranian stage; however, owing to the different distance
of the edge of the inland ice from the present-day path of the ice-mar-
ginal streamway which extends at least from Torun to Eberswalde and
even further westwards, the origin of this ice-marginal streamway is
complicated. The western segment of this ice-marginal streamway was
situated in close proximity of, and even in contact with, the end mo-
raines of the Pomeranian stage (i. e. with the Odra ice lobe, reaching
far to the south), while, on the other hand, the eastern section of the
ice marginal streamway was situated far away from the front of the
inland ice which ran along the line Czaplinek, Bobolice, Bytéw and
Koscierzyna, where the ice lobe of the Vistula began. Therefore, while
in the west, in the region of the Kostrzyn Basin, outwash tracks deve-

* In particular, field studies conducted by H. Liedtke (48, 49).
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loped gradually contributing to the formation of the ice-marginal stre-
amway, in the east, in the forefield of accumulating marginal forms
of the Pomeranian stage, the first outwash cones developed which did
not reach as far as the present-day ice-marginal streamway.

But, in the light of H. Liedtke's research, even in the western pa:t
of the ice-marginal streamway its evolution passed several stages. At
the same time of duration of the Odra ice lobe, meltwater, as indicated
by the course of outwash tracks connected with this period, ran over
and beyond the present-day Kostrzyn Basin, escaping along various
ways into the Warsaw—Berlin ice-marginal streamway (see descrip-
tion on page 9), among others also through the ice-marginal streamway
narrow near Eberswalde. This period saw the formation of the outwash
surface which breaks off on the line Stara—Rudnica—Siekierki-—Gozda-
wice above the Odra valley at approx. 58 m. a. s. 1. At that time the:e
probably also existed an outwash run-off, now breaking off at 65 m.
a. s. 1, along the Klodawka valley, above the Warta ice-marginal
streamway near Gorzow.

I am not convinced of the necessity of agreeing with German au-
thors, assuming the filling of the Kostrzyn Basin with extensive, compact
masses of dead ice (according to Beschoren of a thickness of as
much as 50 to 80 m.) in order to make possible the flow of outwash
waters from the present day northern side of this basin to its southern
side and, further on, to the Warsaw—Berlin ice-marginal streamway.
First of all, the present-day slopes of the Kostrzyn Basin owe their
shape, and the Basin itself — its contour and depth, to younger erosion
processes of the Odra and Warta (see map, Fig. 10) *. In all probability,
and in accordance with the above-mentioned author's thesis of a conti-
nuos track of ice-dammed basins preceding the last glaciation, and of
the predisposition of the present-day ice-marginal streamway, along
with its characteristic depressions, there existed in the place of the pre-
sent-day Kostrzyn Basin a depression in the moraine surface, where
blocks of dead ice may have been buried in the moraine material. After
the aggrading of the depression by outwash deposits, meltwater spread
more southwards reaching the Warsaw—Berlin ice-marginal streamway;
in doing this they cut into the moraine plateau, forming the present
outwash surfaces which reach the edge of the plateau at a height of

55 to 65 m. a. s. 1.

* This happens to be the weak point in the maps contained in H, Liedtke's
-contribution (48), where, on pages 38—39, the successive development stages of the
ice-marginal streamway are given: no consideration has been given to the later
i(Holocen) erosive widening of the Kostrzyn Basin.
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RECESSION PHASE OF ODRA ICE LOBE
(ANGERMUNDE—CHOJNA PHASE), OR
PHASE OF YOUNGER LOCAL OUTWASHES

After recession of the Odra lobe to the line cf the moraines of the
Angermiinde phase, which east of the Odra have their counterpart in
the moraines of the neighbourhood of Chojna, there followed a new
outwash forming. New outwash tracks cut into previous outwash plains,
and lie at present at 40 to 50 m. a. s. 1. above the Mys$la valley and near
Witnica. It therefore seems unnecessary to accept H. Liedtke's view-
point that the surface of the ice masses in the basin has subsided exactly
to such level as made possible the run-off of the outwash waters at the
desired level.

During this phase it was not only outwash waters that passed from
the east along the ice-marginal streamway of the Warta (the extent of
this streamway is unknown) but, in accordance with H. Liedtke's opi-
nion, for the first time they also ran off westwards through the ice-mar-
ginal streamway narrow near Eberswalde (see description on page 9).
It was then that the ice-marginal streamway, probably comprising both
the Warta ice-marginal streamway and the Eberswalde ice-marginal
streamway, came into existence.

In this period it is yet appropriate to speak of the Torun—Ebers-
walde ice-marginal streamway, as H. Liedtke does, since at that phase
the eastern segment of the ice-marginal streamway, i. e. the Notec
ice-marginal streamway with the Torun Basin, did not yet exist.

PHASE OF SHRINKAGE OF ODRA ICE LOBE
OR PHASE OF THE OUTWASH-ICE-MARGINAL STREAMWAY TERRACE

In the meantime, while the oldest recession phase of the Pomeranian
stage was going on east of the shrinking Odra ice lobe, outwash
tracks in the shape of outwash valleys reached, along the present-day
Wda, Brda, Gwda and Drawa rivers, down to the then shallow
depressions in the zone of the Note¢ moraines, transforming these de-
pressions into a valley course which, even now, betrays its origin by
its basin-like widenings and valley gaps. The water flow through the
outwash valley of the Gwda river was probably stronger than the flow
along outwash trains situated further, since it was the outwash valley
of the Gwda that gave its direction to the succeeding section of the
ice-marginal streamway, into which the upstream part of the ice-marg:-
nal streamway entered as lateral valley. It was then that the uniform
out-wash and ice-marginal streamway level was formed, described
above as the ice-marginal streamway terrace; to this terrace are cor-
related the outwash terraces of the Brda, Gwda and Drawa rivers.
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This terrace lies at the altitude of 32 m. on the valley island of
Bralitz—Neuenhagen in the Kostrzyn Basin, 3 m. lower than the bottom
of the Eberswalde ice-marginal streamway, disregarding the later in-
cision of the Finow river. Thus the run-off of ice-marginal streamway
waters arriving from the Note¢ ice-marginal streamway did not proceed
westwards through the ice-marginal streamway gap near Eberswalde,
but — as indicated by the further course of this terrace — northwards
along the valleys of the Lower Odra and the Randow, where the ice-
marginal streamway terrace has benn tracked as far as the neighbour-
hood of Blumberg and Bagemiihl, at a height of 18 to 20 m. a. s. L. It is
probable, however, that part of the waters, during exceptional floods
perhaps overflowed westwards along the Eberswalde valley; proof may
be a terrace fragment found at the outlet of the ice-marginal streamway
gap, at 32 m. a. s. . Consequently, a bifurcation must have existed here.
At the same time the waters of the Odra joined the ice-marginal stream-
way waters, as indicated by a terrace fragment at Wriezen, at 36 to
37 m. a. s. 1. H. Liedtke called the above ice-marginal streamway course
the Note¢c—Randow ice-marginal streamway.

During this principal phase the ice-marginal streamway run-off,
comprising the outwash waters of the Vistula lobe and of minor ice
lobes, situated west of the Vistula ice lobe, the Odra ice lobe was
already shrinking. At any rate, active ice occurred only as far away
as the neighbourhood of Szczecin, presumably along the line of local
thrust moraines. The joint Vistula and Odra waters continued north-
westwards along the Randow valley, and then, probably by the inter-
mediary of the Mecklenburg ice-marginal streamway, into the Baltic
ice-lake, which was then forming from the west.

Indeed, if the Odra ice lobe was already shrinking while the Pome-
ranian stage lasted in the area of the Vistula ice lobe and the minor
ice lobes adjoining it in the west, the process of deglaciation must have
been even more intense further west, i. e. in the region of the Danish
islands.

The surface of both outwash terrace and ice-marginal streamway
terrace is diversified by numerous melting forms (kettles). A particu-
larly large number of these forms produced by melting of blocks of
dead ice, are observed in the Gorzow Basin, this being a part of the
Kostrzyn Basin.

According to the opinion of German authors (Ost, Woldstedt,
Liedtke), the ice-marginal streamway terrace, similarly as the
succeeding terraces, developed in the Gorzow Basin as a marginal ter-
race, aggraded by ice-marginal streamway waters between the slope of
the moraine plateau and the cover of dead ice which occupied the
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deeper part of the ice-marginal streamway. Unfortunately, the above
authors fail to explain the origin of the valley depression which, in the
case under discussion must have existed prior to the formation of the
ice cover.

It must be kep: in mind that the area of the ice-marginal streamway
under discussion lies in the nearest hinterland of the end moraines of
the Poznan stage. This was, therefore, a zone where blocks of dead
ice collected, a zone, moreover, connected with the depression of the
moraine surface, occurring within the string of the inter-moraine ice-
dammed basins described above. Blocks of dead ice were buried in
moraine deposits. If blocks of stagnant ice also existed on the
moraine surface, they undoubtedly melted as early as the initial out-
wash phases of the ice-marginal streamway, prior to the waters eroding
the moraine surface to the level of the ice-marginal streamway terrace.
Those blocks of dead ice, on the other hand, which were buried in
moraine of fluviogiacial deposits, did not melt until the ice-marginal
streamway waters had cut into the ice-marginal streamway terrace.
For, indeed, if it had been otherwise, the kettles formed due to ice
melting would have undergone filling by fluvial accumulation. Some of
the ice blocks must have melted only after the next terraces in the
ice-marginal streamway had been formed, since the discussed kettles
appear simultaneously on several terraces (see map, Fig. 10j.

In view of this interpretation of the part played by dead ice, the ice-
marginal streamway terrace is therefore a normal valley terrace (of
erosive feature); this, by the way, is indicated too by the even gradient
of the terrace surface, shown in the longitudinal prefile of the ice-mar-
ginal streamway (see profile of terraces, Fig. 11). It is too far-fetched
an idea to assume, as do the above-mentioned authors, especially
H. Liedtke, that the surface of the melting ice cover in the ice-marginal
streamway subsided in stages, which was supposed to have permitted
the waters tc flow at increasingly lower levels and to build successive
marginal terraces. Moreover, these terraces continue to appear, without
any major disturbances in their gradient, further down, in the valley
of the Lower Odra, responding to changes in the base-level of erosion
in the initial Baltic area. The original extent of the ice-marginal stream-
way terrace has been erosionally curtailed not only by ice-marginal
streamway waters flowing at the level of the present-day lower terraces,
but also by the present-day Warta river (e. g. in the neighbourhood of
Stonsk), — not to mention the entire destroying of this terrace, as
well as younger terraces too in the basin-shaped quite flat, Odra
valley upstream its meander segment (in the western part of the Kos-
trzyn Basin).

http://rcin.org.pl
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PHASE OF SHRINKAGE OF MINOR ICE LOBES EAST OF ODRA 1CE LOBE,
AND RETREAT OF VISTULA ICE LOBE
I. E. THE PHASE OF THE ICE-MARGINAL STREAMWAY TRANSITION TERRACE

When, east of the shrinking Odra ice lobe, the inland ice had finally
receded from the line of end moraines of the Pomeranian stage, there
ceased the inflow of outwash waters from the north. On the outwash
cones rivers developed, which cut their beds into the previously for-
med outwash surfaces and, after reaching the ice-marginal streamway,
also into the main ice-marginal streamway terrace. The waters collected
in the Note¢—Warta ice-marginal streamway were joined, from the
south, by the waters of the Warta, which hitherto had been flowing
westwards along the Warsaw—Berlin ice-marginal streamway. The
combined waters of the ice-marginal streamway and the Odra still
continued to make their way northwestwards along the Randow valley,
through Mecklenburg territory, to the Baltic (the Baltic Ice Lake), then
in the stage of formation. The lowest and most distant trace of the
run-off of the ice-marginal streamway waters at the level of this ter-
race appears in the Randow valley near Blumberg, at 13 m. a. s. 1
This was the period of maximum run-off of {luvial waters (no longer
meltwater) along the Note¢—Warta ice-marginal streamway and, sub-
sequently, along the Lower Odra valley. At the level of the ice-mar-
ginal-streamway transition terrace, along the valleys of the Odra and
the Randow, flowed all the Odra waters, since now a run-off by way
of the Eberswalde Gate was out of question, as well as the joint waters
of Vistula and Warta and their tributaries, arriving both from moun-
taineous areas in the south and from recently formed outwash plains
in the north.

PHASE OF UPPER TERRACE.
THE BEGINNING OF THE BIFURCATION OF THE VISTULA

Simultaneously with the shrinking of the Vistula lobe and the for-
mation of the Baltic Ice Lake in the bay which at that time reached as
far as Tczew and Malbork, conditions developed for a direct run-off
northwards of the Vistula waters. The history of this diversion is still
unknown. One of the oldest attempts at explaining the origin of the di-
version of the Vistula is P. Sonntag's concept of successive ice-
dammed lakes (69). In any case, we must assume several phases of de-
velopment in the area of the present-day Lower Vistula valley. At the
time when the waters flowed at the level of the outwash-ice-marginal-
streamway terrace, it was, in all probability, this valley by which the
outwash waters of the Wda flowed southwards towards the ice-marginal
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streamway. A run-off of similar direction probably also existed at the
level of the ice-marginal streamway transition terrace. During that
period, however, morphological processes were proceeding which pre-
pared the northward diversion of part of the Vistula waters. These
processes comprised, first of all, the lowering of the watershed between
the area of the Gdansk ice-dammed basin and the Torun Basin.
It seems possible too that the passage of Vistula waters north-
wards may have been facilitated by the melting of blocks of dead ice
along the line of the present-day Lower Vistula valley. The new passage
was probably used initially by catastrophic floods only, and later on by
normal flood waters of the Vistula. It is a fact that, at the level of the
upper terrace which, at first, was considered by Keilhack and other
geologists to be the bottom of the (Torun) dammed lake, part of the
Vistula waters made their way to the north, in all probability to an
ice-dammed lake in the present-day mouth area of the Vistula, while
another part of these waters flowed westwards along the Note¢—Warta
ice-marginal streamway. In the light of the author's research (17) this
fact is documented by upper terrace fragments both in the Torun Basin
west of Bydgoszcz, and in the Lower Vistula valley in the neighbour-
hood of Grudzigdz.

The western arm of the bifurcating Vistula still continued to use
the existing Notec—Warta ice-marginal streamway, while the waters
of the Vistula and of its tributaries, responding to changes in the Baltic
base-level of erosion, cut into the ice-marginal streamway transition
terrace. After joining the waters of the Warta, the ice-marginal stream-
way waters flowed into the Odra valley and, together with the latter
river, made their way to the north. Part of the joint waters continued
their way along th2 Randow valley to the northwest, but another part
of them flowed northwards, in the direction of the Pomeranian Bay
(Zatoka Pomorska), then in the stage of formation. This was already
the second bifurcation run-off within one and the same river system.
Its proof are terrace remnants observed in both valleys in the zone of
bifurcation of the Odra and Randow valleys, at a level of 10 to
13 m. a. s. L.

PHASE OF UPPER MIDDLE TERRACE.
TOTAL NORTHWARD DIVERSION OF BOTH VISTULA AND ODRA

The development of the Vistula valley was one phase later with
regard to the development of the Odra valley, owing to earlier degla-
ciation in the west. The total run-off of the Odra waters towards the
open Pomeranian Bay went forth as early as at the level of the 7—9 m.
terrace in the ice-marginal streamway. It may very well be that precisely
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this drawing nearer to the base-level of erosion has been the cause
of the river waters cutting down to the level of this terrace. This period
must have been short, since this terrace does not extend as far as the
Torunn Basin (see profile of terraces, Fig. 11). The bifurcation of the
Vistula waters still continued at the level of the 5-metre terrace of
the ice-marginal streamway, which had its continuation — similarly
to the proceding terrace — exclusively in the Lower Odra valley, also
down-stream the entry of the Randow valley. It was only after the lo-
west ice-marginal streamway level, i. e. the present-day floor of the ice-
marginal streamway, filled with silts and peat, had been reached that
the waters of the Vistula definitely diverted their course, henceforth to
flow norihwards along the Lower Vistula valley. This event was
brought by the lowering of the base-level of erosion following the for-
mation of a run-off to the then Baltic Ice Lake, probably through the
Leba ice-marginal streamway. The waters of the Vistula cut into the
former valley bottom, here called the upper middle terrace, down
to the level of the later lower middle terrace. The Brda followed the
example of the Vistula, cutting into the upper middle terrace in the
ice-marginal streamway with its opposite gradient, while the Notec,
flowing further west, continued to use the ice-marginal streamway.
However, it is also conceivable that the Notec¢ initially proceded north-
wards across the present-day dune area towards the Vistula.

So far, there lacks confirmation of the thesis of a tectonic uplifting
of the watershed between the Brda and the Note¢, supposed to be the
principal cause of the northward diversion of the Vistula; among others,
A.Zierhoffer put forth this hypothesis. I admit that near Bydgoszcz
the Pliocene surface, as described above, clearly shows an elevation,
however this form has been covered (levelled) by Pleistocene deposits
and does not show on the present-day surface of the terrain. At any
rate, the terraces which are older than the professed uplift, do not show
any clearly marked deformities in their profile (see Fig. 11),while
the elevation in the bottom of the ice-marginal streamway in the neigh-
bourhood of the watershed west of Bydgoszcz is built of peat deposits,
ending above the Brda valley by a sharp boundary (see profile, Fig. 11).
Unquestionably, however, this problem still remains open and requires
further, more detailed investigation.

TRANSFORMATION OF NOTEC—WARTA ICE-MARGINAL STREAMWAY
AFTER NORTHWARD DIVERSION OF VISTULA RIVER

In the light of examinations of peat deposits in the Note¢ ice-mar-
ginal streamway A. Wodziczko (76) was the first to atlempt the
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reconstruction of the process of the transformation of this valley by
erosion and accumulation processes, from the moment of the decline
of this streamway, i. e. of the northward diversion of the waters of the
Vistula. In his opinion, the bottom of the ice-marginal streamway is
composed of extensive basins, filled with gyttja and peat bogs. On the
basis of a pollen analysis, A. Wodziczko believes the oldest of these
basins to be of pre-Boreal age. The above-mentioned deposits are cha-
racteristic for sedimentation in stagnant water which only locally were
disturbed by flowing water. In her paper discussed above, St. Gad o m-
ska (12) reports to have found, on the bottom of the ice-marginal
streamway at the foot of Debowa Gora, clayey silts 1.5 to 7 m., thick
containing a macological fauna. Higher up lie peats 3.6 to 4.6 m. thick
with a substratum of gyttja. The above-mentioned contribution by
T. Churski (10) on the morphology of the bottom of the Note¢
ice-marginal streamway between Bydgoszcz and Santok (the entry of
the Note¢ into the Warta) confirms A. Wodziczko's view as to the exi-
stence of basins on the bottom of ice-marginal streamway* under-
lying the organogenic deposits.

A similar geological profile of the bottom of the Warta ice-marginal
streamway in the neighbourhood of Gorzéw has been supplied by L. P i-
larczyk (62). In view of the above facts it must therefore be assumed
that, after the change in direction of the run-off of the Vistula and the
simultaneous suspension of the bottom of the Note¢ ice-marginal stream-
way with regard to the Brda valley and probably also to the Warta
ice-marginal streamway, i. e. the western part of the Note¢-—Warta ice-
-marginal streamway (between Santok and Kostrzyn), ihe bottom of the
ice-marginal streamway was gradually filled with deposits laid down by
sluggish rivers, especially the Note¢, or with deposits of basins of sta-
gnant water.

According to studies made by T. Przybylski*, in this region peat
started to be formed in the Younger Dryas. At the same time, minor
rivers and their tributaries piled up alluvial cones of various size on the
floor of the ice-marginal streamway. In this manner the bottom of tae
ice-marginal streamway obtained its morphological and geological di-
versity. Depressions were filled in, at first with gyttja and, later on, with
peat formations developing as the result of inundations by the Vistula,
when part of the flood waters continued to over-flow westwards along
their previous bed. With the gradual increase of humidity of the climate
during the Holocene the ground water table began to rise. The thickne s

* See description on page 64,
** Oral information.
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of the peat cover started growing. Only the alluvial cones of major
rivers entering the ice-marginal streamway (Note¢, Gwda, Drawa,
Warta) rise, in the form of swells, from under the peat cover which
also penetrated to small lateral valleys entering the ice-marginal
streamway (e. g. the Sleska valley).

Parallel with geological and morphological processes proceed.ng on
the floor of the ice-marginal streamway, there also took place relief-
forming processes on its slopes and terraces. Since long attention was
centered on the erosive incising of the slopes of the ice-marginal
streamway and of valleys in general on the postglacial Polish Lowland
(among others, also in the Lower Vistula valley); some authors inter-
pret this slope dissection as morphological features of successive cli-
matic phases (e. g, W. Ok olowicz). The small lateral valleys issue
inta different valley terraces. This fact enables us to estimate their mor-
phological age.

Many of these valleys originated under conditions of a periglacial
climate, as indicated also by the soliflual covers on slopes and older
terraces, as well as by aeologlyptoliths (ventifacts). H. Lembke (43)
describes the periglacial valleys incised in the slopes of the Kostrzyn
Basin. Z. and Z. Churski (9) characterize the asymmetrical valley of
the Sleska (east of Naklo) as a periglacial valley. Many old, shallow
valleys, filled with denudation material, dissect the slopes of the ice-
marginal valley in numerous places, particularly where the slope
recedes, e. g., east of Santok, or where at the foot of ice-marginal
streamway slopes, terraces appear into which these small valleys pass
(e. g. north of Bydgoszcz or in the neighbourhood of Osinow on the
right bank of the Lower Odra). On the other hand, along recently
undercut ice-marginal streamway slopes we observe old shallow valleys
hanging high above the ice-marginal streamway bottom. As demonstra-
ted by T. Churski (10) alluvial cones corresponding to these forms,
emerge in the Note¢ ice-marginal streamway form under a covering
of peat. We also meet them on upper ice-marginal streamway ter-
races.

H. Lembke (44) describes alluvial cones in the Gorzow Basin,
extending on the Odra flood plain and connected with dried plateau
gullies. The same author has determined the existence of iwo inter-
bedded alluvial cones of up to 5 m. height, as well as of river beds
corresponding with changes in the base-level of erosion within the
Kostrzyn Basin. 1 consider these latter cones to be younger than the
alluvial cones descibed abowe which underlie the peats in the Note¢
ice-marginal streamway. As to their age they are separated by the
period necessary for filling the Warta ice-marginal streamway, or the
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Odra valley, with alluvia, an occurrence which successively proceded
after the free run-off to the Pomeranian Bay had begun *.

There can be no doubt that several generations of valleys, mostly
incised, may be distinguished on the slopes of the ice-marginal valley.
The oldest valley system was formed in periglacial conditions pre-
vailing at the time of the last stages of the last glaciation. Correlated
with these small valleys are, principally, the alluvial cones covered
by peats on the bottom of the Note¢ ice-marginal streamway, as well
as on the terraces of the ice-marginal streamway. During the same pe-
riod there also took place aeolian processes indicated by dune sands and
by dunes buried in the peats. The formation of the peat cover, which
presumably proceeded by stages, was interrupted by down wash and
erosive processes along the sides of the ice-marginal streamway. On the
slopes of the ice-marginal streamway there developed new erosive gullies
incised in the hitherto existing wide lateral valleys. These new incisions
in turn produced minor alluvial cones, which in numerous places
appear on the peat cover, joining into a more or less continuous collu-
vial ledge at the foot of the slopes of the ice-marginal streamway **.

Alternating with erosive processes on the slopes of the ice-mar-
ginal streamway, aeolian processes took place on the sandy terraces
of the ice-marginal streamway; they caused, in at least two phases, the
formation of numerous dune areas, described by W. Mrozek (54),
L. Pilarczyk (61), and others; these dune areas are particularly
concentrated in the Torun Basin and in the interfluvial area between
Note¢ and Warta.

Up to the postglacial climatic optimum there proceeded the melting
of dead ice blocks, collected in large quantities in moraine deposits
within the area of the ice-marginal streamway, this being the near back-
land of the marginal forms of the Poznan stage and of the Note¢ end
moraines. The incision of ice-marginal streamway waters into moraine
deposits accelerated melting of the ice. Due to this, the ice-marginal
streamway terraces show, besides the richness of aeolian forms, also
a marked diversity of their surfaces in the form of numerous depres-
sions, mostly filled with peat, and concentrated particularly in the

* The problem of the filling of the Warta ice-marginal streamway and of the
Odra valley with young fluvial sediments being a specific problem in itself, requires
special examination.

** The problem of the development of the small lateral valleys which cut into
the slopes of the Note¢ ice-marginal streamway is the subject of special investiga-
tions conducted by Z. Churska on behalf of the Chair of Physical Geography of
the Nicholas Kopernik University, Torun. A number of Master's theses have also
been written on the above topic.
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Warta ice-marginal streamway, as well as in the form of subglacial
channel lakes described, among others, by J. Bajerlein (3). The
present-day river activity in the Notec—Warta ice-marginal streamway,
out of proportion with the great development rhythm of the ice-mar-
ginal streamway which now has come to an end, are negligible. Both
the Note¢ and the Warta, meandering over the extensive floor of the
ice-marginal streamway, cause merely insignificant erosive or accumu-
lative processes in their tributaries, from which they recede or which
they approach, e. g. in the Lobzonka valley.

ON LATE-GLACIAL AND POST-GLACIAL DEVELOPMENT STAGES
OF VALLEY SYSTEM ON POLISH LOWLAND

The problem of the development of the valley network in the course
of the recession, towards the end of the last glaciation, of the inland ice
from the Ballic regions situated between the Odra and the Niemen has
a rich literature of its own. K. Keilhack (28, 29) was one of the first
to show the relaticn between the inland ice and the proglacial valley
network. He described the Torun—Eberswalde ice-marginal streamway
correlating it with the Pomeranian stage of the last glaciation. He also
distinguished the Pomeranian ice-marginal streamway, formed at the
time of the subsequent recession phases of the inland ice. Subsequent,
and particularly the most recent years brought a considerable numkter
of important and fundamental contributions which enable us to add
a number of new topics to the problem of the development of valleys
on the glacial lowland to envisage these valleys in a fuller light, and
to determine their geological age. A particularly important part, in
this respect is played by the present synthetic contribution on the
Note¢—Warta ice-marginal streamway and on its connection both with
outwash run-off and with river valleys extending from the south (sce
preceding chapter of present contribution). The ice-marginal streamway,
being the central part of the late-glacial valley system, represents the
key to the explanation of the origin of this valley network.

In the area under discussion, the development of this valley system
beginning with the Pomeranian stage of the last glaciation, may be
discussed in ithree phases, comprising a number of subphases. I am cal-
ling these phases the proglacial phase, the transition phase, and the
Baltic phase.

PROGLACIAL PHASE

The proglacial phase, simultaneous with the Pomeranian stage of the
last glaciation, was distinguished by the decisive influence upon
the development of valley forms, exerted by meltwater streams
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Fig. 9. Development of valley network in Northern Poland
a — proglacial phase; b — transition phase, initial sub-phase; ¢ — transition phase, final sub-phase.
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from the inland ice. At the beginning of this phase, when the Odra ice
lobe reached its farest extent, in the neighbourhood of the Kostrzyn
Basin outwash waters overflowed, as demonstrated by H. Liedtke,
either southwards through various tracks into the Warsaw—Berlin ice-
marginal streamway, or (somewhat later) westwards through the
ice-marginal streamway narrow near Eberswalde (,,Eberswalder Pforte").
During this sub-phase there were formed, east of the Odra ice lobe in
the foreland of the inland ice, gigantic outwash plains, while meltwater
streams made their way southwards, in the direction of the future
ice-marginal streamway. So far we have no evidence that during that
period there existed any kind of ice-marginal streamway which would
collect meltwater and pass it on to river waters flowing from the south.
The tirst segment of the ice-marginal streamway connected with the Po-
meranian stage was formed — in agreement with the opinion of
H. Liedtk e — on the foreland of the Odra ice lobe, but the eastward
extent is unknown. In the meantime, fluvial waters continued to fiow
westwards along the Warsaw—Berlin ice-marginal streamway.

During the next sub-phase (Fig. 9a), simultaneously with the period
of the shrinking of the Odra ice lobe at a faster rate than of the eastern
part of the inland ice, there were tormed numerous outwash valleys
(,s" in Fig. 9a); by these valleys the meltwater streams, after building
extensive outwash cones, made their way southwards, entering thz
great ice-marginal streamway course which ran peripherally to the edge
of the inland ice. During the decline of the Pomeranian stage, this
ice-marginal streamway collected, on the one hand, the prevailing part
of meltwater streams from the inland ice and, on the other, of the
waters, of the Carpathians and Sudetian rivers. It therefore constituted
the central part of the then valley network (see Fig. 9a).

The eastern part of this mighty valley course, in older contributions
called the Wilno—Warsaw ice-marginal streamway *, mostly collected
meltwater issuing from the inland ice east of the Vistula ice lobe. From
the south, they were joined by waters from the upper sections of the
Niemen, the Narew, the Bug and the Vistula. On the other hand, the
western part of this ice-marginal streamway course, called the Torun —
Eberswalde ice-marginal streamway, a term only partly justified **,
or the Note¢—Warta ice-marginal streamway, mosily collected the
meltwater from the inland ice between the Vistula ice lobe and the
shrinking Odra ice lobe. From the south, the Odra entered this ice-mar-
ginal streamway after having shaped a gap valley through the marginal

* Recently J. Kondracki (34) resumed this term.
** See my comment on this subject on page 75.
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forms of the Poznan stage and abandoned the lower part of the War-
saw—Berlin ice-marginal streamway. On the other hand, the middle
course of the Warta still joined the Odra through the above ice-mar-
ginal streamway, while the Warta received a tributary flowing from
the north: through the later gap section of the Warta valley in the
vicinity of Poznan®*.

This major part of the combined waters of the Vistula and the Odra,
collected in the Kostrzyn Basin, ran off by the Lower Odra valley and,
subsequently, by the Randow valley, escaping, by way of the Meckle-
burg ice-marginal sireamways, into the Baltic Ice Lake, then at the
stage of formation of the Mecklenburg coast and the Danish Islands.
This was the reason why H. Liedtk e introduced the term Note¢—
Randow ice-marginal streamway for this ice-marginal streamway course.
The remaining part of the ice-marginal streamway waters continued
(occassionally) to use the ice-marginal streamway gap near Eberswalde,
inconvenient though it was owing to its narrow floor. Consequently,
there existed here a bifurcation of ice-marginal streamway waters,
principally maintained by high floodwaters. The above description
shows that deglaciation proceeded unevenly, i. e. more rapid in the
west than in the east, presumably the effect of the more marime cli-
mate prevailing in the west.

The outlined reconstruction of the development of the valley net-
work during the decline period of the Pomeranian stage has been ba:ed
principally on an analysis of the terraces of the Note¢c—Warta ice-mar-
ginal streamway in their connection with outwash tracks. I took into
consideration contributions like: the investigations by H. G. Ost (58,
59) of the outwashes of the Gwda and Drawa rivers, and their counter-
part, the ice-marginal streamway terrace, the results of the field work
of St. Kozarski and J. Szupryczynski (37) in the area of the
Notec¢ ice-marginal streamway between Bydgoszcz and Pila, the studies
of W. Mrozek (54) in the Torun Basin, and the research done by
the author of the present contribution himself, who traced the outwash
terrace of the Brda and its counterpart, the terrace in the Note¢c—Warta
ice-marginal streamway, the Lower Odra valley and the Randow valley.
Availing himself of the research conducted by H. Liedtk e (48) also
in the area of the Kostrzyn Basin, the present author reconstructed the
system of the outwash and ice-marginal streamway run-off of the period
of the Note¢—Redowa ice-marginal streamway, which streamway ex-
tended from the outwash terrace of the Brda and the Torun Basin in
the east to the fragments of the ice-marginal streamway terrace in the

*See contribution by T. Bartkowski (5).
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Randow valley in the west (see Fig. 11). At those times, outwash wa-
ters of the Wda river were probably flowing southwards along th's
valley of the Lower Vistula into the Torun Basin. For reconstructing
the valleys existing during this sub-phase, on the aera E & S of the pre-
sent-day valley of the Lower Vistula, greatly useful proved to be the
investigations of St. Lencewicz (46), concerning the middle Vistula
valley, of J. Kondracki (32 33, 34) dealing with the area of Ma-
zury, of W. Okolowicz (57) on the development of the Niemen
valley, and of L. Roszkdwna (64) on the morphology of the we-
stern part of the Mazurian Lake District.

TRANSITION PHASE

As demonstrated above, at the time of the maximum of the Pomrera-
nian stage, meltwater from the nearby Odra ice lobe ran off through
various ways into the Warsaw—Berlin ice-marginal streamway and,
only later on, wesiwards by way of the ice-marginal streamway near
Eberswalde. The westward run-off of the collected fluvioglacial and flu-
vial waters along the Note¢—Warta ice-marginal streamway, and later
on, after receiving the waters of the Odra, northwards towards the
shrinking inland ice (with a partial westward bifurcation flow thrcugh
the Eberswalde gap in the ice-marginal streamway (see Fig. 9a) was
already a symptom of the final phase of the Pomeranian stage. The
run-off along the valleys of the Odra and the Randow to the Baltic, then
at the stage of formation, was at the same time the initial step towards
the next phase in the development of the valley network, viz. to the
transition phase. On the back of the end moraines of the Pomeranian
stage, in the course of the gradual recession of the inland ice a network
of marginal valleys, interconnected by ice-dammed basins, was de-
veloped.

Along those valleys there flowed fluvioglacial waters, supplemented
by the flow of minor rivers forming on the northern slope of the ma'n
end moraines of the Pomeranian stage. During a longer halt of the
inland ice, probably simultaneous with the North-Riigen stage, the Po-
meranian ice-marginal streamway was formed, described by K. Keil-
hack (29), K. v. Bilow (8) and many other authors (see Fig. 9»).

South of the main end moraines of the Pomeranian stage, in condi-
tions of a periglacial climate, rivers meanwhile began to flow along the
hitherto outwash valleys, draining extensive outwash cones. They were
heading for the ice-marginal streamway, in which the waters of the
entire river network of Poland's territory were collected, flowing &t
the level of the so-called ice-marginal streamway transition terrace
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which had cut to depth of aprox. 5 metres into the ice-marginal stream-
way terrace corresponding to the proglacial phase. This terrace appears
not only in the Note¢—Warta ice-marginal streamway. It was also found
in outwash valleys and in the Lower Odra and Randow valleys, along
which the waters ultimately ran off towards the Baltic Sea. The same
terrace has also been found to exist as highest valley level at the entry
of the Warta valley into the ice-marginal streamway. During that period
there already existed a gap valley of the Warta in the neighbourhood
of Poznan, and the waters of the Warta joined the river waters flowing
in the Notec—Warla ice-marginal streamway. It was only part of the
Warta waters — in accordance with the opinion of T. Bartkowski
(5) — that continued, by bifurcation, to run westwards along the War-
saw-Berlin ice-marginal streamway.

In he next sub-phase, at the level of the upper terrace, began the
diversion of the Lower Vistula while the waters of the Odra ran nor h-
wards to the ice-liberated area within the present-day Pomeranian Bay.
But the transition phase still persists. This is why only part of the wa-
ters of the Vistula make their way to the north while the remairing
waters, due to bifurcation, flow westwards into the Notec—Warta ice-
marginal streamway (17). Similarly, part of the waters collected in tke
Lower Odra valley flowed, by bifurcation, westwards along the Randow
valley. But the greater part of the fluvial waters of the Odra, which
then represented the main mass of fluvial waters on the Low!and a ter
receiving the waters of the Pomeranian ice-marginal streamway, ran
off by a valley, submerged today, extending along Uznam (Usedom)
and Riigen, to the Baltic which was then at the stage of formation.

Where did the waters of the Lower Vistula flow to? At that time,
the Bay of Gdansk was undoubtedly still occupied by the ice lobe of
the Vistula. On its forefield there was spread out a terminal depressicn,
surrounded by a fringe of stadial moraines. According to the prevailing
opinion of authors, this area was occupied by an extensive glacial lake,
the so-called Gdansk ice-dammed lake, described mainly by P. Sonn-
tag (69). Recently, Z. J. Kotanski (36) also dealt with this subject,
pointing out the remnants of ice-dammed lakes in the neighbourhcod of
Zulawy Gdanskie (the Vistula Delta), at a height of 40 to 45 m. a. s. 1,
on the other hand ascribing the origin of lower-situated abrasion terra-
ces (17 to 20 m. a. s. 1) on the margin of the moraine plateau to the
Littorina Sea. However, in this author's opinion, the problem is still
open to dispute and requires detailed investigations. At any rate, a con-
siderable amount of both geological and morphological evidences points
to the existence of an ice-dammed lake at that time, a lake which in-



90 Rajmund Galon

creased in size while subsiding at the same time, as the inland ice was
receding to the area of the Baltic. Whether the ice-dammed lake disap-
peared when the inland ice entirely left the land, or whether the pre-
sent-day Vistula Delta and the Gdansk Bay at once became a marine
bay, remains a controversial question*,

During one of the successive phases of the halt of the inland ice,
in the period of the Older Dryas (see Fig. c¢), there was formed the Pre-
gota (Pregel) ice-marginal streamway, described, among others, by

B. Kérnke (41); its waters ran into the ice lake situated in the area
of the present-day Vistula Delta. The outflow from this lake was through
the Leba ice-marginal streamway and, further westwards, through one
of the numerous marginal valleys along the front of the inland ice.
At that time, the extent of the inland ice must have been as differen-
tiated, as before. In the Bay of Gdansk and the Pomeranian Bay the
inland ice had probably a lobate extent; this is also suggested by the
results of H. K1liew e's research (31). It is solely on both sides of the
Bay of Gdansk that, on the basis of marginal forms observed, we are
able to precisely establish the extent of the inland ice during that parti-
cular phase of deglaciation.

The greai ice-marginal streamway, situated south of the main end
moraines of the Pomeranian stage, continues to be the most important
part of the drainage system of the Lowland. There continues to exist
bifurcation of the waters of the Vistula which, in turn, flows at the
level of the upper middle terrace. For, indeed, the oldest peat bogs in
the Note¢ ice-marginal streamway west of Bydgoszcz were formed du-
ring the Younger Dryas, thus in the period when the inland ice had
already receded into the area of Scandinavia. On the other hand, as
shown by the analysis of the terraces in the Lower Odra valley, all the
waters of the Odra ran off northwards by an ice-marginal streamway,
at present submerged, along Uznam (Usedom) and Rigen towards the
Baltic, receiving from the east waters of marginal rivers of the in-
land ice.

BALTIC PHASE

The full diversion of the waters of the Vistula towards the open Bay
of Gdansk (at the level of the lower middle terrace of the Lower Vistula
valley — Allerdd), as well as the formation of a watershed in the ice-

* On the basis of an analysis of the underwater relief and the geological struc-
ture of the Vistula Delta, the author of the present paper favour the latter alter-
native (21).
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marginal streamway near Bydgoszcz, and the entry of the Niemen river
into the Baltic Ice Lake inaugurate the last phase in the development
of the Lowland valley network, viz. the Baltic phase. Lessened is the
importance of the Odra, deprived as it is of the inflow of waters {rom
the Vistula through the ice-marginal streamway. During that period
the mouth of the Odra, in contrast with the mouths of both the Vistula
and the Niemen was far removed from the present-day shore in the
area of the Baltic. It was during the Baltic phase that the fundamental
incongruity as to the direction of run-off of the rivers of the Polish
Lowland was finally perpetuated. On the one side surviving outwash
valleys, directed to the south, on the cother, the northward-direcied gap
valleys of the Odra, the Vistula and the Niemen, as well as the valleys
of minor Baltic rivers which, in meandering courses, by the interme-
diary of gap valleys, are headed towards the nearby sea. The rivers
respond to postglacial oscillations of the level of the Baliic Sea by for-
ming erosive valley terraces and by river bed aggradation. The No-
te¢—Warta ice-marginal streamway, the gradient of which was not
suited for the present-day, mostly small, rivers flowing in it, obstructs
the influence of the Baltic base-level of erosion and becomes a dead
valley. Meanwhile, the proximity of this base-level of erosion to the
tributaries of the Lower Vistula and Lower Odra causes an inlensive
development of their valleys, as indicated by number of valley terraces,
mostly erosive terraces such as, e. g., the nine terraces in the Brda
valley.

Atter the present paper had been prepared there has appeared an
interesting essay by A. Ko walska* which, among other topics, deals
with the interdependence of the sub-Pleistocene surface and the
present-day relief of the territory of the Odra Basin. Generally speaking,
this author's opinion as regards this interdependence agrees with my
own opinion. Even so, I can not agree with this author as to her
assuming a full interdependence between the Note¢—Warta marginal
streamway and the Pleistocene Substratum. On this topic, I have
explained my own viewpoint on p. 70 of this paper.

*Kowalska A. — Paleomorfologia powierzchni podplejstocenskiej nizowej
cze$ci dorzecza Odry, (Paleomorphology of the Lowland Part of the Odra Basin),
Prace Geograficzne Nr 21, Instytut Geograficzny PAN, Warszawa 1960.
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RAJMUND GALON

MORFOLOGIA PRADOLINY NOTECI—WARTY
(LUB TORUNSKO-EBERSWALDZKIEJ)

SIMRESZCZEEN I E

GLOWNE PROBLEMY PRACY

Po dokonaniu krotkiego przegladu prac dotyczacych pradoliny No-
teci—Warty i omowieniu pogladéow dotyczacych gemezy tej rozlegiej
formy * autor wysuwa nastepujace problemy lub zadania:

a) doktadne przesledzenie i poznanie budowy teras plejstocenskich
. holocenskich w pradolinie i dolinach do niej uchodzgcych oraz opis
osadoéw wypelniajgcych dno pradoliny w celu okreslenia kolejnych faz
rozwojowych catej pradoliny lacznie z obu skrajnymi wezlami dolin-
nymi, tj. kotlinami Torunska i Kostrzynska,

b) dalsze przestudiowanie zagadnienia jednoczesnosci odplywu pra-
dolinnego w powiazaniu ze stadium pomorskim,

c) okreslenie stosunku odwrotu Wisty do odwrotu Odry,

d) dalsze studia nad rolg martwych lodéw w rozwoju pradoliny
i form w pradolinie,

e) zbadanie stosunku pradoliny do budowy geologicznej sasiedniego
obszaru,

f) ustalenie roli pradoliny Noteci—Warty w przebiegu odwodnienia
dolinnego w czasie i po stadium pomorskim na obszarze calego Nizu,

g) sporzadzenie dokladnego obrazu kartograficznego stosunkow
morfologicznych calej pradoliny, w szczegolnosci teras dolinnych (z od-
powiednimi przekrojami i profilami podtuznymi).

Autor prowadzit badania geologiczne i geomorfologiczne w pradoli-
nie od Bydgoszczy do Kostrzynia i miat okazje pozna¢ wazniejsze od-
stoniecia w terasach dolnej Odry oraz w dolinie Redowy na terenie
Niemieckiej Republiki Demokratycznej. Badania dotyczyly glownie
teras dolinnych.

* Szczegdlowe omowienie literatury dotyczacej genezy zachodniej czesci prado-
liny lacznie z Kotling Kostrzynska znajdzie czytelnik w pracy H. Liedtkego (48)
a wschodniej czesci, w szczegolnoéci Kotliny Torunskiej, w pracach R. Galona
(13, 17, 18),

7 — Prace geograficzne
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TERASY W PRADOLINIE NOTECI—WARTY

W pradolinie Noteci—Warty wystepujg dwa rodzaje poziomow tera-
sowych, mianowicie terasy zwigzane z odplywem pradolinnym, tj.
odplywem polaczonych wod rzecznych i sandrowych, czyli terasy
plejstocenskie, oraz terasy zwigzane wylacznie z odplywem
rzecznym, czyli terasy holocenskie. Terasy te wystepuja takze
w dolinach uchodzgcych do pradoliny, w szczegolnosci w dolinie Brdy,
dolinie Gwdy, dolinie Drawy i w szeregu mniejszych dolin. Wszystkie
terasy w dolinach uchodzacych do pradoliny nachylajg si¢ w kierunku
pradoliny, a w pradolinie ku zachodowi. Jedynie na terenie obu skraj-
nych kotlin, a zwlaszcza Kotliny Torunskiej, nachylenie teras jest mniej
wyrazne*. Ze wzgledu na geneze plejstocenska omawianej wielkiej for-
my dolinnej i stosunkowo matly udziat holocenskich proceséw rzecznych
w dalszym (erozyjnym) przeksztalceniu pradoliny opis teras dotyczy
najpierw wilasciwych teras pradolinnych, a nastepnie teras rzecznych.

Z badan autora, ktory nawigzal do wynikéw badan innych autorow,
wynika, ze w pradolinie wystepuje ponad dnem dolinnym pie¢ teras,
jezeli nie bra¢ pod uwage nielicznych lokalnych listew terasowych
o charakterze przejsciowym (ryc. 10 i 11):

I. gorna terasa przejsciowa (a)** czyli terasa 5-metrowa,
(Sredni spadek 1 : 5530),

II. gorna terasa przej§ciowa (b) czyli terasa 7—9-metrowa
(Sredni spadek 1 :5140),

III. gérna terasa czyli terasa 10—12-metrowa |
(Sredni spadek 1 : 6000),

IV. terasa pradolinna przejsciowa czyli terasa 15—22-metrowa
(sredni spadek 1 :€360),

V. terasa pradolinna lub sandrowa o wysokosci wzglednej 18—
25-metrowa (Sredni spadek 1 : 6420*** lub 1 : 7270****)

Wszystkie wyze] wyroznione terasy w pradolinie Noteci—Warty
wystepuja juz w Kotlinie Torunskiej. Jedynie gorna terasa przejsciowa
(b) pojawia sie dopiero w Kotlinie Pilskiej. Terasa pradolinna przejscio-

* Czgsciowo nawet przeciwne (dolne terasy Brdy).

** Autor zachowal nazwy teras, stosowane w jego dawniejszych pracach (17, 18).
Patrz takze tab. 1.

*** Na odcinku Bydgoszcz—Bagemiihl (dolina Redowy).

*#* Na odcinku Aleksandrow Kujawski—Bagemiihl (dolina Redowy).
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wa znajduje swoj dalszy cigg w dolinie Redowy (Randow), gorna terasa
pradoliny posiada charakter bifurkacyjny, a wigc przechodzi nie tylko
w doline Redowy, lecz zaznacza sie takze w dolinie dolnej Odry. Po-
zostale, nizsze terasy pradoliny wystepuja tylko w dolinie dolnej Odry.
Zatem w rozwoju teras pradoliny mozna wyrézni¢ trzy fazy, miano-
wicie: 1) faze pradoliny Noteci—Warty—Redowy (H. Liedtke), 2) fa-
ze bifurkacyjng i 3) faze pradolinno-odrzanska.

Odstep pionowy pomiedzy poszczegélnymi terasami jest zadziwia-
jaco podobny (przecietnie 4—5 m), co $wiadczyloby o regularnosci
rytmu erozyjnego, wywolanego wahaniami podstawy erozyjnej. Jedynie
w poczatkowej czesci profilu podtuznego niektérych teras nachylenie
ich wzrasta, a odsiepy pomiedzy terasami ulegaja odchyleniom. Poza
tym sredni spadek mlodszych teras jest nieco wigkszy od spadku star-
szych teras, co zapewne pozostaje w zwigzku ze skroceniem dolnego
biegu rzeki — po osiggnieciu Zatoki Pomorskiej].

Wszystkie terasy posiadajg charakter erozyjny lub erozyj-
no-akumulacyjny. Jako dowodd stuzy¢ moze 1—2-metrowa
warstwa osadow rzecznych na utworach morenowych i migdzymore-
nowych. Zgodnie ze zmienng budowa geologiczng plejstocenu, na po-
szczegolnych terasach dolinnych odstaniaja sie¢ na przemian gliny mo-
renowe, warstwowane piaski i zwiry fluwioglacjalne oraz ity warwowe,
przy czym najczesciej gliny morenowe pojawiaja sie na wyzszych te-
rasach, natomiast utwory miedzymorenowe na nizszych terasach (por.
m. in. profil teras nad dolng Gwda — ryc. 1). W licznych wypadkach
na powierzchni teras, w zwigzku z ich charakterem erozyjnym, zacho-
walo sie tylko rezyduum morenowe w postaci bruku glazowego réznej
wielkosci, a piaski rzeczne lezg prawie bezposrednio na piaskach flu-
wioglacjalnych (ryc. 5). Na terasach o powierzchni piaszczystej rozwi-
nely sie wydmy, tworzac gdzieniegdzie zwarte pola wydmowe,.

Osady terasy pradolinnej (sandrowej) wykazujg charakterystyczny
dla osadow woéd plyngcych powolny lecz staly wzrost obtoczenia ziar-
na (ryc. 7), niezaburzony wlaczeniem sie po drodze szlakow Gwdy
i Drawy, co zapewne wynika z réwnoczesnosci istnienia i podobnej
dlugosci i spadku owych ciggow sandrowych. Natomiast obloczenie
ziatn osadow nastepnych teras wykazuje bardzo wyrazne zaburzenia
swej linii rozwojowej z biegiem rzeki tam, gdzie do osadéw pradoliny
dolaczajg sie osady Gwdy lub Drawy o odmiennych warunkach sedy-
mentacyjnych, wywolanych zapewne wiekszym spadkiem owych rzek.
W kazdym razie wykresy obtoczenia ziarn osadow poszczegélnych
teras potwierdzajg obraz ciggéw terasowych wyréznionych w swietle
kryteriow morfologicznych.
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TERASY W DOLINACH BOCZNYCH

Wyzej opisane terasy pradoliny Noteci—Warty wraz z ich dalszym
ciggiem w dolinie dolnej Odry i dolinie Redowy posiadaja swoje odpo-
wiedniki w dolinach uchodzacych do pradoliny. Zbadano odcinki ujscio-
we doliny Drwecy, sandru i doliny Brdy, doliny kobzonki, sandru i do-
liny Gwdy, sandru i doliny Drawy, terasy doliny Warty powyzej
ujécia Noteci i szereg mniejszych dolin. Tabela 1 ilustruje relacje
zachodzace pomiedzy terasami pradoliny Noteci—Warty, doliny i san-
dru Brdy oraz doliny dolnej Wisty.

Przeglad teras w dolinach powigzanych z pradoling Noteci—Warty
potwierdzil wyzej wykonany podzial teras w pradolinie na pigé¢ pozio-
mow terasowych wystepujacych wiekszymi lub mniejszymi fragmentami
na catej diugosci pradoliny (bez uwzglednienia lokalnych powierzchni
sandrowych, urywajgcych sie Sciang erozyjng nad pradoling, oraz bez
uwzglednienia 1—2-metrowej terasy zalewowej).

Tabela 1

Zestawienie teras w pradolinie Noteci—Warty, w dolinie Brdy
i w dolinie dolnej Wisly (w ukladzie morfologicznym)

Terasy w pradolinie Terasy w dolinie Brdy Terasy w dolinie
Noteci—Warty (18) dolnej Wisty (17)
V. pradolinna ’ XI. sandrowa
|
IV. pradolinna przejsciowa | X. przejsciowa
III. goérna 1 IX. gorna Vc. gorna (stopien c)
II. gérna przejsciowa (b) VIII. przejsciowa Vb. gorna (stopien b)
I. gérna przejsciowa (a) VIIL. przejsciowa Va. gorna (stopien a)
dno pradoliny (terasa A . ., Y
zalewowa) VI. srodkowa wyiZsza V. érodkowa wyZsza
Agradacja dna pradoli-| V., srodkowa niZsza III. srodkowa nizsza
My, | RRer [ AaRweRlS |y, dline II. dolna
i, gatoriigge i dal i3. nadzalewowa
III. nadzalewowa (Il stopies)
Is. nadzalewowa
II. nadzalewowa ol
(II stopien)

I;. nadzalewowa

1. nadzalewowa (I stopien)
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DNO PRADOLINY

Z kolei autor analizuje dno pradoliny, ktére po utracie wéd rzecz-
nych uleglo zamuleniu i zatorfieniu. Z badan T. Churskiego (10)
wynika, iz dno pradoliny pod utworami organogenicznymi jest bardzo
urozmaicone. Zaglebienia wypelnione obecnie torfem przekraczaja nie-
raz 10 m. Poza tym wystepuja tam waly akumulacyjne usypane przez
rzeki wpadajgce do pradoliny (Note¢, Gwda).

Ponizej zatorfionego dna pradoliny wystepujg kopalne doliny i za-
glebienia, wypelnione utworami zastoiskowymi. Z tego wynika, iz dno
pradoliny posiada predyspozycje morfologiczng, pochodzaca by¢ moze
z ostatniego interglacjatu.

BUDOWA GEOLOGICZNA STREFY DOLINNEJ

Pradolina jest wcieta w wysoczyzne morenowa na 20—40 m, wgle-
biajgc sie rowniez w utwory pliocenskie i miocenskie. Lecz przebieg
pradoliny Warty—Noteci z wyjatkiem Kotliny Kostrzynskiej nie zdra-
dza zasadniczej zaleznosci od konfiguracji podloza czwartorzedu, kto-
rego osie orograficzne raczej krzyzuja sie z pradoling. Stad owa zmien-
no$¢ w pojawianiu sie utworow trzeciorzedu w obrebie pradoliny. Tego
rodzaju przecigcie clewacji podtoza czwartorzedu przez pradoling obser-
wujemy wzdluz pradolinnego odcinka doliny Brdy, gdzie ily poznanskie -
osiaggajg 66 m n. p. m., zblizajgc si¢ do powierzchni gornej terasy pra-
doliny (okoto 70 m. n. p. m.). Nastepne wciecie pradoliny w utwory
trzeciorzedowe wystepuje wzdluz Dgbowej Gory oraz nastepnych
wzniesien morenowych, potozonych nad potnocnym skrajem pradoliny
pomiedzy kobzonkg i Gwda, a po stronie poludniowej pradoliny w oko-
licy Chodziezy. Elewacje te wigza sie jednak z procesami glacitekto-
nicznymi na linii walu kujawsko-pomorskiego i niektére z tych wysoko
polozonych utworéw trzeciorzedowych tworza rozlegte porwaki pode-
slane osadami plejstocenskimi (39, 73). Nastepna elewacja podloza
czwartorzedu, przecieta przez pradoline, przypada na okolice wielkiego
potwyspu terasowego, a zwlaszcza Kotliny Gorzowskiej. Najlepiej sa od-
sloniete pliocenskie ity poznanskie i miocenskie piaski kwarcowe na
nizszych terasach doliny Warty.

Rownoczesnie jednak mozina wysung¢ teze o predyspozycji dzisiej-
szej pradoliny Noteci—Warty, wyrazonej w postaci ciggu zagitebien
powierzchni plejstocenu po przedostatnim zlodowaceniu (glacitekto-
nika?), wypelnionych utworami zastoiskowymi (ryc. 1). Osady ostat-
niego zlodowacenia nie wyréwnalty owego ciggu zaglebien, totez stat sie
on miejscem skupienia sie wéd roztopowych i ich odpltywu ku za-
chodowi.

http://rcin.orqg.|
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ETAPY ROZWOJU PRADOLINY

1. Analiza teras pradoliny i jej dna oraz ich powigzania z terasami
sandrowymi i dolinami dolnej Wisty i dolnej Odry pozwala odtworzy¢
etapy rozwoju pradoliny Noteci—Warty od czasow stadium pomor-
skiego ostatniego zlodowacenia do chwili obecnej. ;

Nadal jeszcze pozostajemy w sferze domystow, jezeli idzie o okres
poprzedzajacy stadium pomorskie, siegajgcy wstecz do momentu postoju
lgdolodu wzdiluz moren nadnoteckich. W czasie tej fazy nadnoteckiej
powstaty liczne formy marginalne ladolodu, zawdzigczajace swa glaci-
tektonike ruchom nscylacyjnym krawedzi lodowcowej. Z tymi procesami
wigze sie takze powstanie depresji koncowej wraz z morenami spietrzo-
nymi w okolicy Chodziezy [39]. Wzdluz moren spietrzonych istniaty
zaglebienia, ktére zawdzieczaly swe istnienie badz to procesom glaci-
tektonicznym, badz to niedostatecznemu wyréwnaniu basenoéw zastois-
kowych przedostatniego zlodowacenia. Zaglebienia te zaczely sie wy-
pelniac¢ osadami mutkowymi, ktére obecnie wystepuja bezposrednio pod
osadami organogenicznymi na powierzchni pdézniej zerodowanego dna
pradoliny. W czasie owych oscylacji lodowcowych powstaly lokalne
szlaki sandrowe o cgoélnym kierunku potudnikowym, sprzecznym z poz-
niejszym rownoleznikowym przebiegiem pradoliny, a zbieznym jedynie
z poludnikowym odcinkiem pradoliny ponizej ujscia Gwdy.

2. Jak wykazaly badania niemieckie na terenie Kotliny Kostrzyn-
skiej i zwezenia pradolinnego pod Eberswalde *, pradolina Noteci—
Warty powstala prawdopodobnie w czasie stadium pomorskiego, lecz
ze wzgledu na zroznicowane oddalenie krawedzi ladolodu od obecnego
szlaku pradolinnego, siegajacego co najmniej od Torunia do Eberswalde
i jeszcze dalej na zachod, jej geneza jest zltozona. Zachodni odcinek tej
pradoliny znajdowa! sie w bliskim sgsiedztwie, a nawet kontakcie z mo-
renami czolowymi stadium pomorskiego (tj. daleko na potudnie wysu-
nietego lobu Odry), natomiast wschodni odcinek pradoliny byt zdala
polozony od krawedzi ladolodu przebiegajgcej przez Czaplinek, Botolice,
Bytoéw, Koscierzyne, gdzie rozpoczynat sie lob Wisty. W konsekwencji,
gdy na zachodzie, w regionie Kotliny Kostrzynskiej, rozwijaty sie szlaki
sandrowe, przyczyniajgce sie powoli do powstania pradoliny, na wscho-
dzie, na przedpolu ¢romadzacych sie form marginalnych stadium pomor-
skiego tworzyly sie pierwsze stozki sandrowe, nie docierajace do obec-
nej pradoliny.

Lecz i w zachodniej czesci pradoliny ewolucja jej w swietle badan
H. Liedtkego przebiegala w kilku etapach. W czasie trwania lobu Odry

* W szczegolno$ci badania H. Liedtkego (48, 49).
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wody roztopowe, jak wynika z przebieqgu szlakéw sandrowych zwigza-
nych z owym okresem, przekraczaly obecng Kotling Kostrzynskg, od-
plywajac roznymi drogami do Pradoliny Warszawsko-Berlinskiej, mie-
dzy innymi przez zwezenie pradolinne pod Eberswalde. Z okresu tego
pochodzi powierzchnia sandrowa, urywajaca sig na linii Stara Rudnica—
—Siekierki—Gozdowice nad doling Odry na wysokosci okolo 58 m.
W tym czasie istnial zapewne takze odplyw sandrowy, urywajacy sie
obecnie na wysokosci 65 m, wzdluz doliny Klodawki nad pradoling
Warty (Gorzéw).

Nie jestem przekonany o koniecznosci przyjecia za badaczami nie-
mieckimi wypelnienia Kotliny Kostrzynskiej rozlegtymi zwartymi ma-
sami martwego lodu (wg Beschorena nawet o grubosci 50—80 m)
dla umozliwienia przeptywu woéd sandrowych z obecnego pélnocnego
skraju tej kotliny do skraju poludniowego i dalej do Pradoliny War-
szawsko-Berlinskie). Przede wszystkim obecne zbocza Kotliny Kostrzyn-
skiej zawdzigczajg swoj ksztalt, a kotlina swoj zarys i gtebokos¢, mtod-
szym procesom erozyjnym Odry i Warty (mapa 10) *. Prawdopodobnie,
zgodnie z wyzej podang teza o ciggtosci basenéw zastoiskowych poprze-
dzajgcych ostatnie zlodowacenie i predyspozycji obecnej pradoliny wraz
z charakterystycznymi dla niej kotlinami, w miejscu obecnej Kotliny
Kostrzynskiej znajdowalo sie obnizenie powierzchni morenowej, przy
czym w materiale morenowym mogty by¢ zagrzebane bryly martwego
lodu. Po wyréwnaniu zaglebienia przez sedymentacje sandrowg, wody
roztopowe rozposcieraly sie bardziej na poltudnie, dochodzac do Prado-
liny Warszawsko-Berlinskiej, przy czym wciely sie¢ one w wysoczyzne,
tworzac obecne powierzchnie sandrowe dochodzgce do skraju wyso-
czyzny na wysokosci 55—65 m n. p. m.

3. Po wycofaniu sie lobu Odry do linii moren fazy Angermiinde,
znajdujacych swoj odpowiednik na wschéd od Odry w morenach oke-
lic Chojny, nastgpila nowa faza sandrowa. W poprzednie powierzchnie
sandrowe wciely sie nowe szlaki sandrowe, znajdujace sie obecnie na
wysokosci 40-—50 m n. p. m. nad doling Mysli oraz w okolicy Witnicy.
Zbedne jest tu zatem przyjecie pogladu H. Liedtkego, ze powierz-
chnia mas lodowych w kotlinie obnizyla sie do takiego wlasnie po-
ziomu, ktory umozliwil odplyw wod sandrowych na pozadanej wy-
sokosci.

W tej fazie nie tylko wody sandrowe przechodzily ze wschodu pra-
doling Warty (nie wiadomo o jakim zasiegu), i zgodnie z pogladem

* Na tym wtaénie polega staba strona szkicow A. Liedtkego (48) na str. 38/39,

podajacych kolejne fazy rozwoju pradoliny, Ze nie uwzgledniaja podzniejszych
erozyjnych rozszerzen Kotliny Kostrzynskiej.

http://rcin.org.pl
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H. Liedtkego odpltywaly po raz pierwszy zwezeniem pradolinnym pod
Eberswalde na zachéd. Wtedy powstala pradolina, obejmujgca zapewne
pradoliny: Warty i Eberswaldzka. Nie mozna jeszcze mowi¢ w tym okre-
sie o Pradolinie Torunsko-Eberswaldzkiej, jak to czyni H. Liedtke, po-
niewaz w tej fazie wschodni odcinek pradoliny — pradolina Noteci
wraz z Kotling Torunskg jeszcze nie istniala.

4. W tym czasie, przy tfwajacej maksymalnej (lub recesyjnej?) fazie
stadium pomorskiego na wschéd od zanikajacego lobu Odry, szlaki
sandrowe w postaci dolin sandrowych dotarly wzdtuz obecnej Wdy,
Brdy, Gwdy i Drawy do 6wczesnych plytkich-zaglebien w strefie mo-
ren nadnoteckich i przeobrazily je w ciag dolinny, zdradzajacy jeszcze
obecnie przez swe kotlinowate rozszerzenia i zwezenia dolinne (bramy)
swe pochodzenie. Prawdopodobnie doptyw wod doling sandrowg Gwdy
byl silniejszy niz szlakami bardziej wschodnimi, poniewaz dolina scn-
drowa Gwdy nadata kierunek nizej polozonemu odcinkowi pradoliny, do
ktorego dolacza sie wyzej potoiona czes¢ pradoliny w charakterze
doliny bocznej. Wtedy powstal jednolity poziom sandrowo-pradolinny,
wyzej opisany jako terasa pradolinna, do ktérej nawigzujg terasy Brdy,
Gwdy i Drawy. Terasa ta znajduje sie na wyspie dolinnej Bralitz-
Neuenhagen w Kotlinie Kostrzynskiej na wysokosci 32 m, o 3 m n'zej
od dna Pradoliny Eberswaldzkiej, nie liczac pédzniejszego wciecia rzeki
Winawy (Finow). Zatem odptyw wod pradolinnych, przychodzacych
z pradoliny Noteci, nie odbywat sie juz przez zwezenie pradolinne pod
Eberswalde na zachodd, lecz — jak wynika z dalszego przebiequ tej te-
rasy — na polnoc doling dolnej Odry i Redowy, gdzie przesledzono
terase pradolinng az w okolicy Blumberg i Bagemiihl na wysokosci
18—20 m n. p. m. Jest jednak prawdopodobne, ze czes¢ wod, by¢ moze
w czasie wyjatkowych powodzi, przelewata sie Pradoling Eberswaldzka
na zachoéd, o czym $wiadczy listwa terasowa u wylotu zwezenia prado-
linnego na wysokosci 32 m n. p. m. Zatem istniata tu bifurkacja. W tym
czasie takie wody Odry wlaczaly sie do wod pradolinnych, o czym
swiadczy listwa terasowa w Wriezen na wysokosci 36—37 m n. p. m.
H. Liedtke nazwal powyiszy cigg pradolinny pradoling Noteci—Re-
dowy.

W czasie tej glownej fazy odplywu pradolinnego, obejmujgcego
wody sandrowe lobu Wisty i mniejszych lobéw lodowcowych, potozo-
nych: na zachdéd od lobu Wisly, lob Odry byl juz w stadium zaniku.
W kaidym razie aktywny 16d znajdowatl sie¢ dopiero w okolicy Szcze-
cina, by¢ moze na linii tamtejszych moren spigtrzonych.

Potgczone wody Wisty i Odry odplywaly doling Redowy na poinoco-
zachéd a nastepnie, zapewne za posrednictwem pradoliny meklembur-
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skiej*, do tworzacego sie od zachodu baltyckiego jeziora lodowego.
Jezeli bowiem w czasie trwania stadium pomorskiego w obrebie lobu
Wisty i sasiadujgcych od zachodu drobniejszych lobow lodowcowych
lob Odry byt juz w stadium zaniku, to proces deglacjacji byt zapewne
jeszcze intensywniejszy bardziej na zachodzie, tj. w regionie wysp
dunskich.

Powierzchnie terasy sandrowej i terasy pradolinnej urozmaicaja
liczne formy wytopiskowe. Szczegdlnie wiele form powstalych przez
wytopienie sie bryt martwego lodu wystepuje w Kotlinie Gorzowskiej
jako czesci Kotliny Kostrzynskiej.

Wedlug pogladow niemieckich (Ost, Woldstedt, Liedtke)
terasa pradolinna pcowstalta, podobnie jak i nastepne, w Kotlinie Gorzow-
skiej jako terasa marginalna, usypana przez wody pradolinne pomiedzy
zboczem wysoczyzny a pokrywg martwego lodu, zajmujgca glebsza
cze$¢ pradoliny. Autorzy ci niestety nie tlumacza pochodzenia zagie-
bienia dolinnego, ktore w danym wypadku musiato istnie¢ przed two-
rzeniem sie pokrywy lodowej. Nalezy sobie uprzytomni¢, iz omawiany
obszar pradoliny znajduje sie na najblizszym zapleczu moren czolowych
stadium poznanskiego. Byla to zatem strefa gromadzenia sie bryt mar-
twego lodu, zwigzana nadto z zaglebieniem powierzchni morenowej,
wystepujacym na linii wyzej opisanych miedzymorenowych basenow
zastoiskowych. Bryly martwego lodu byly zagrzebane w utworach mo-
renowych. Jezeli znajdowatly sie takze bryly stagnujgcego lodu na po-
wierzchni morenowej, to ulegly one niewatpliwie stopnieniu juz w cza-
sie poczatkowych, sandrowych faz pradoliny, przed wcieciem sie wod
do poziomu terasy pradolinnej. Bryly martwego lodu, zagrzebane
w utworach morenowych lub fluwioglacjalnych, ulegty stopnieniu do-
piero po wcieciu si¢ wod pradolinnych w terase pradolinng. W przeciw-
nym bowiem wypadku powstate wskutek wytopienia zaglebienia wyto-
piskowe ulegtyby zasypaniu przez akumulacje rzeczna. Niektére bryly
wytopily sie dopiero po powstaniu nastepnych teras w pradolinie, gdyz
dane zaglebienia wytopiskowe wystepujg réwnoczesnie na terenie kilku
teras (mapa, ryc. 10).

Zatem w Swietle powyzZszej interpretacji roli martwego lodu, terasa
pradolinna jest normalng terasa dolinng (o charakterze erozyjnym), na
co zreszta wskazuje regularny spadek powierzchni terasowej w profilu
podluznym (por. profil teras ryc. 11). Zbyt koncepcyjne jest przyjecie
przez powyzszych autorow, zwlaszcza H. Liedtkego, fazowego obnizania
sie powierzchni topniejacej pokrywy lodowej w pradolinie, co w efekcie

* Mecklenburgisch-Pommersches Grenztal.
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mialo umozliwi¢ ptyniecie wéd w coraz nizszym poziomie i powstanie
kolejnych teras marginalnych. Zreszta terasy wystepujg bez wiekszych
zaburzen swego spadku dalej, w dolinie dolnej Odry, reagujac na wa-
hania poziomu podstawy erozyjnej w obszarze nadbaltyckim. Terasa
pradolinna zostala erozyjnie uszczuplona w swym pierwotnym zasiegu
nie tylko przez wody pradolinne ptyngce w poziomie obecnych nizszych
teras, lecz takze przez dzisiejszg Warte (np. w okolicy Stonska), nie
mowigc o catkowitej jej likwidacji, podobnie jak i mlodszych teras,
w kotlinowatej, obecnie plaskiej dolinie Odry powyzej jej odcinka za-
kolowego (w zachodniej czesci Kotliny Kostrzynskiej).

5. Gdy ladolod rowniez na wschod od zanikajacego lobu Odry wy-
cofal sie ostatecznie z linii morer czolowych stadium pomorskiego,
ustal doptyw wod sandrowych z poinocy. Na stozkach sandrowych roz-
winely sie rzeki, ktore wciety sie w poprzednio utworzone powierzchnie
sandrowe, a po osiagnieciu pradoliny — takze w gléwnag terase pra-
dolinng. Do wéd zgromadzonych w pradolinie Noteci—Warty dolgczyly
sie od potudnia wody Warty, ktére dotad ptynely Pradoling Warszaw-
sko-Berlinskg na zachod. Polaczone wody pradoliny i Odry kierowaty
sie nadal doling Redowy na poéinoco-zachod przez obszar Meklemburgii
do tworzacego sie Baltyku (baltyckiego jeziora lodowego). Najnizej
i najdalej polozony $lad odptywu wodd pradolinnych w poziomie tej te-
rasy wystepuje w dolinie Redowy w poblizu miejscowosci Blumberg na
wysokosci 13 mn. p. m. Byt to okres maksymalnego odptywu
wo6d rzecznych (juz nie roztopowych) pradoling Noteci—
Warty, a nastepnie doling dolnej Odry. W poziomie terasy pradolin-
nej przejsciowej odptywaty doling dolnej Odry i doling Redowy nie
tylko wszystkie wody Odry, skoro odplyw przez zwezenie pradolinne
pod Eberswalde juz catkowicie nie wchodzit w rachube, lecz takze po-
lgczone wody Wisty i Warty z ich doplywami, przychodzacymi zaréwno
z poludnia z obszarow gorskich, jak i z polnocy z niedawno usypanych
pol sandrowych.

6. Wraz z zanikaniem lobu Wisly i pojawieniem sie baltyckiego
jeziora lodowego w owczesnej zatoce, siegajacej po Tczew i Malbork,
wytworzyly sie warunki dla powstania bezposredniego odplywu waod
wislanych na poélnoc. Dzieje tego odwrotu sg jeszcze nieznane. Jednag
z najstarszych prob wyjasnienia genezy odwrotu Wisly jest koncepcja
kolejnych zastoisk P. Sonntaga (69). W kazdym razie musimy przy-
jac¢ kilka faz rozwojowych na terenie obecnej doliny dolnej Wisly.
W okresie ptyniecia wod w poziomie terasy sandrowo-pradolinnej tedy
zapewne piynely wody sandrowe Wdy w kierunku poludniowym ku
pradolinie. Odptyw o podobnym kierunku istnial prawdopodobnie takze
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w poziomie terasy pradolinnej przejsciowej. W tym jednak okresie
miaty miejsce procesy morfologiczne, ktore przygotowaty odwroét czesci
wod wislanych ku péilnocy. Polegaly one przede wszystkim na zmniej-
szeniu dziatu wod pomiedzy gdanskim basenem zastoiskowym a Kotling
Torunska. Nie jest wykluczone, ze to przechodzenie woéd wislanych na
polnoc zostalo ulatwione przez wytapianie si¢ bryl martwego lodu na
linii obecnej doliny dolnej Wisty. Z nowej drogi korzystaly zapewne
w pierwszej fazie wody katastrofalne, pozniej regularne wody powo-
dziowe Wisly. Faktem jest, ze w poziomie gornej terasy, uwazanej pier-
wotnie przez Keilhacka iinnych badaczy za dno zastoiska (torun-
skiego), czei¢ wod wislanych kierowala si¢ na poinoc zapewne do
zastoiska w cbegcnej strefie ujsciowej Wisty, a cze$¢ wod pradoling No-
teci—Warty na zachod. Fakt ten jest udokumentowany — w Swietle
badan autora (17) — wystepowaniem fragmentéw gornej terasy zarowno
w Kotlinie Torunskiej na zachod od Bydgoszczy, jak 1 w dolinie Wisty
w okolicach Grudzigdza.

Zachodnie ramig bifurkujgcej Wisly korzystalo nadal z dotychcza-
sowej pradoliny Noteci—Warty, przy czym wody Wisty i jej dopty-
wOw, reagujac na wahania baltyckiej podstawy erozyjnej, wciely sig
w terase pradolinng przejSciowa. Po polaczeniu si¢ z wodami Warty
wody pradolinne wptywalty do doliny Odry i wspolnie z nig kierowaly
sie na poinoc. Czes¢ polaczonych woéd kierowata si¢ — jak dotych-
czas — doling Redowy na péinoco-zachodd, lecz czgs¢é tych wod rowno-
czesnie odplywala na pélnoc w kierunku tworzacej sig Zatoki Pomor-
skiej. Byl to juz drugi odptyw bifurkacyjny w obrebie tego samego
systemu rzecznego. Swiadczg o nim szczatki terasowe wystepujace
w rozwidleniu dolin Odry i Redowy w obu dolinach, w poziomie
10—13 m.

7. Rozwoj doliny Wisty byl o jedna faze opézniony w stosunku do
rozwoju doliny Odry, co bylo nastepstwem wczesniejszej deglacjacji
na zachodzie. Catkowity odptyw wod odrzanskich ku otwartej Zatoce
Pomorskiej nastgpil juz w poziomie 7—9-metrowej terasy pradoliny.
By¢ moze, ze wlasnie owe zblizenie bazy erozyjnej bylo przyczyna
wcigcia sie wod rzecznych do poziomu tej terasy. Nie byl to okres
diugi, gdyz terasa ta nie siega do Kotliny Torunskiej (profil teras
ryc. 11). Bifurkacja wéd wislanych trwala jeszcze w poziomie terasy
5-metrowej pradoliny, stwierdzonej -— podobnie jak poprzednia terasa —
wylacznie w dolinie dolnej Odry, takze ponizej doliny Redowy. Dopiero
po osiggnieciu najnizszego poziomu pradolinnego, tj. obecnego koryta
pradoliny wypelnionego mutkami i torfami, nastapilo ostatecznie prze-
rzucenie sie¢ wod wislanych doling dolnej Wisly na péinoc. Fakt ten po-
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zostal w zwigzku z obnizeniem si¢ podstawy erozyjnej po wytworzeniu
sie¢ odplywu do 6wczesnego baltyckiego jeziora lodowego prawdopodob-
nie poprzez pradoling Leby. Wody wislane wciely sie¢ w dotychczasowe
dno dolinne, nazwane terasa wyzsza srodkowa, do poziomu podzniejszej
terasy Srodkowej nizszej. W $lad za Wisla poszla Brda, wcinajac sie
w terase wyzszg Srodkowa w pradolinie, o przeciwnym nagchyleniu,
natomiast bardziej na zachodzie ptyngca Note¢ nadal korzystala z pra-
doliny. Nie jest jednak wykluczone, ze pierwotnie Note¢ plynela po-
przez obecny obszar wydmowy ku poinocy w kierunku Wisty.

Jak dotad, nie sprawdzila sie teza o wydzwignieciu obszaru wodo-
dzialowego pomiedzy Brda a Notecig jako gléwnej przyczynie odwrotu
Wisly na poinoc. Co prawda powierzchnia pliocenu — jak pisano —
wykazuje w okolicy Bydgoszczy wyrazny garb, lecz forma ta zostala
otulona (wyréwnana) osadami plejstocenskimi i nie zaznacza sie na
obecnej powierzchni terenu. W kazdym razie terasy, starsze od owego
rzekomego diwigniecia, nie wykazujg zadnego wyraznego znieksztal-
cenia swego profilu (ryc. 11), a kulminacja dna pradolinnego w sasied:-
twie dzialu wéd na zachdd od Bydgoszczy jest zbudowana z utworow
torfowych, konczacych sie wyrazna granicg nad doling Brdy. Nie-
watpliwie jednak zagadnienie to jest jeszcze otwarte i wymaga dal-
szych, bardziej szczegolowych badan.

8. W sSwietle badan roznych autorow wypada przyja¢, iz po doko-
naniu zmiany kierunku odplywu Wisly, przy réwnoczesnym zawiesze-
niu dna pradoliny Noteci w stosunku do doliny Brdy, a zapewne takze
w stosunku do pradoliny Warty, tj. zachodniej cze$ci pradoliny No-
teci—Warty (pomiedzy Santokiem a Kostrzynem), dno pradoliny wy-
pelito sie osadami badz to leniwie plynacych rzek z Notecig na czele,
badz to zbiornikow wody stojacej. Wedlug badan T. Przybylskie-
go (ustna informacja) poczatek zatorfienia przypada na miodszy dryas.
Rownoczesnie mniejsze rzeki i potoki usypaly na dnie pradoliny stozki
naptywowe réznej wielkosci. W efekcie dno pradolinne uzyskalo swa
rozmaitos¢ zaréwno morfologiczng -jak i geologiczng. Zagtebienia na-
petnialy sie wodg w czasie powodzi Wisly, gdy czes¢ wod przelewata
sie jeszcze dawnym szlakiem ku zachodowi. Z czasem wypelnity sie one
gytia i utworami torfowymi. W miare fazowego wzrostu wilgotnosci
klimatu w holocenie podniost sie¢ poziom woéd gruntowych. Migzszosc¢
pokrywy torfowej zaczeta wzrasta¢. Jedynie stozki naplywowe wigk-
szych rzek wpadajgcych do pradoliny (Note¢, Gwda, Drawa, Warta)
wyzierajag w postaci progéw spod ostony torfowej, ktéra weszla takze
w dolinki boczne uchodzace do pradoliny (np. w doline Sleski).

Rownolegle do procesow geologicznych i morfologicznych na dnie
pradoliny odbywaly sie procesy rzezbotworcze na jej zboczach i tera-



Morfologia pradoliny Noteci—Warty 109

sach. Od 'dawna zwrécono uwage na erozyjne rozciecie zboczy prado-
liny, jak i dolin na nizu polodowcowym w ogole (m. in. w dolinie dolnej
Wisty), przy czym niektérzy badacze interpretuja je jako wyraz mor-
fologiczny kolejnych faz klimatycznych (np. W. Okotlo wicz). Boczne
te dolinki wychodza na rézne terasy dolinne, co umozliwia okreslenie
ich wieku morfologicznego.

Wiele z tych dolin powstalo w warunkach klimatu peryglacjalnego,
o ktorym $wiadczq rowniez pokrywy na zboczach i starszych terasach
oraz graniaki eoliczne. H. Lembke (43) opisuje dolinki peryglacjalne,
rozcinajgce zbocza Kotliny Kostrzynskiej. Z. i Z. Churscy (9) cha-
rakteryzuja asymetryczna doline Sleski (na wschdéd od Nakta) jako do-
line peryglacjalng. Wiele starych, ptytkich dolin, wypelnionych mate-
riatem denudacyjnym, rozcina zbocza pradoliny w licznych miejscach,
zwlaszcza tam gdzie zbocze jest cofnigte, np. na wschod od Santoka, lub
gdzie u stop zboczy pradolinnych wystepuja terasy, w ktére dolinki te
przechedza (np. na poinoc od Bydgoszczy). Natomiast wzdluz niedawno
podcietych zboczy pradoliny spotyka sie stare pltytkie dolinki, wysoko
zawieszone nad dnem pradoliny. Odpowiadajgce tym formom stozki na-
plywowe — jak wykazat T. Churski (10) — wystepuja w pradolinie
Noteci pod pokrywa torfowa. Sg one takze spotykane na wyzszych te-
rasach pradolinnych. H. Lembke (44) opisuje w Kotlinie Gorzowskiej
stozki naplywowe rozposcierajgce si¢ na aluwiach rzecznych i powia-
zane z obecnie suchymi dolinkami na wysoczyznie. Stwierdzil on wy-
stepowanie dwdéch wlozonych w siebie stozkéw naplywowych do 5 m
wysokosci i koryt rzecznych, odpowiadajgcych zmianom podstawy ero-
zyjnej w kotlinie, Stozki te — jak sadze — sg zapewne mlodsze od
wyzej opisanych stozkéw naplywowych pod torfami w pradolinie No-
teci. Dzieli je okres wypelnienia pradoliny Warty lub doliny QOdry
aluwiami, co miato miejsce juz w czasie swobodnego odptywu wod do
Zatoki Pomorskiej *.

Niewatpliwie na zboczach pradoliny mozna wyréznic¢ kilka generacji
dolin wlozonych przewaznie w siebie. Najstarsze zespoly dolin powstaly
w warunkach peryglacjalnych, ktére istnialy w czasie ostatnich stadiow
ostatniego zlodowacenia. Dolinkom tym odpowiadaja przede wszyst-
kim stozki napltywowe wystepujace pod torfami na dnie pradoliny No-
teci oraz na terasach pradoliny. W tym okresie odbywaly sie takze
procesy eoliczne, ¢ czym $wiadcza piaski wydmowe i wydmy otulone
torfami. Tworzenie sie pokrywy torfowej, co zapewne odbywalo sig

* Zagadnienie wypelnienia pradoliny Warty i doliny Odry mlodymi osadami
rzecznymi, jako zagadnienie specjalne, wymaga osobnego rozpatrzenia.
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etapami, bylo przerywane procesami deluwialnymi i erozyjnymi na
skrajach pradoliny. Na zboczach pradoliny powstaly nowe dolinki ero-
zyjne nacinajace dotad istniejgce szerokie dolinki boczne. Im odpowia-
daja niewielkie stozki naplywowe, wystepujgce w licznych miejscach
na pokrywie torfowej i laczace sie w mmiej lub wiecej zwartg listwe
deluwialng u stop zboczy pradoliny*.

Na przemian z procesami erozyjnymi na zboczach pradoliny odby-
waly sie procesy eoliczne na piaszczystych terasach pradoliny, w na-
stepstwie ktorych powstaly w co najmniej dwéch fazach liczne zespoly
wydin, opisane przez W. Mrézka (54), L. Pilarczyka (61) oraz
innych, skupiajgce sie szczegolnie w Kotlinie Torunskiej i miedzyrze-
czu Noteci—Warty. Az do polodowcowego optimum klimatycznego
trwalo wytapianie sie bry! martwego lodu, skupionych w duzej ilosci
w osadach morenowych na terenie pradoliny jako na bliskim zapleczu
form marginalnych stadium poznanskiego oraz nadnoteckich moren
czotowych. Wcinanie sie wod pradolinnych w utwory morenowe przy-
spieszylo proces wytapiania si¢ lodow. W efekcie terasy pradoliny wy-
kazuja obok bogactwa form eolicznych rowniez znaczne urozmaicenie
swej powierzchni w postaci licznych zagiebien przewaznie zatorfionych,
szczegolnie skupionych w pradolinie Warty, a takze w postaci jezior
rynnowych, opisanych m. in. przez J. Bajerleina (3). Obecna dzia-
talnos¢ rzek w pradolinie Noteci-—Warty, niedostosowana do wielkiego
rytmu rozwojowego zamartej obecnie pradoliny, jest minimalna. Noteé¢
i Warta, meandrujac po rozlegtym dnie pradoliny, powodujg jedynie
niewielkie procesy erozyjne lub akumulacyjne w doptywach, od ktorych
sie¢ oddalajaq lub do ktérych sie zblizajg, np. w dolinie kobzonki,

ETAPY ROZWOJU FOLODOWCOWEJ SIECI DOLINNEJ NA NIZU POLSKIM

Zagadnienie rozwoju sieci dolinnej, w trakcie wycofywania sie lg-
dolodu przy koncu ostatniego zlodowacenia z terenéw nadbaltyckich
pomiedzy Odra i Niemnem, ma bogatg literature. Jeden z pierwszych
K. Keilhack (28 29) wyjasnil stosunek lgdolodu do proglacjalnej
sieci dolinnej. Opisal on pradoline Torunsko-Eberswaldzka i powigzat
ja ze stadium pomorskim ostatniego zlodowacenia. Wyréznit takze

* Zagadnienie rozwoju bocznych dolinek, rozcinajacych zbocza pradoliny Noteci,
jest tematem specjalnego studium, prowadzonego przez Z, Churska z ramienia
Katedry Geografii Fizvcznej UMK. Wykonano takze szereg prac magisterskich w po-
wyzszym zakresie.
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pradoling pomorsky, wytworzong w czasie nastepnych faz recesyjnych
ladolodu. Pozniejsze, zwlaszcza ostatnie lata przyniosty wiele waznych
i podstawowych prac, ktore pozwalajg dorzuci¢ szereg nowych momen-
tow do zagadnienia rozwoju dolin na nizu polodowcowym, widzie¢ je
w pekliejszym swietle i okresli¢ ich wiek geologiczny. Szczegdlna role
w tym wzgledzie odgrywa niniejsze studium syntetyczne dotyczace
pradoliny Noteci—Warty i jej powiazania zaré6wno z odplywem san-
drowym jak i dolinami rzek, idacych z poludnia (por. poprzedni rozdziat
niniejszej pracy). Pradolina, jako centralny czton péznoglacjalnego sy-
stemu dolinnego, jest kluczem do wyjasnienia genezy owej sieci do-
linnej.

Rozwdj dolin na omawianym obszarze, poczawszy od stadium po-
morskiego ostatniego zlodowacenia, moze by¢ rozpatrywany w trzech
fazach z szeregiem subfaz. Nazywam je faza proglacjalng, fazg przej-
$ciowa i fazg battycka.

1. Faza proglacjaina, przypadajaca na stadium pomorskie
ostatniego zlodowacenia, odznaczata sie decydujacym wplywem wod
roztopowych ladolodu na rozwoéj form dolinnych. Na poczatku tej fazy,
gdy lob Odry miat swoj najwiekszy zasieg, wody sandrowe w okolicy
Kotliny Kostrzynskiej przelewaly sie — jak to wykazat H. Liedtke —
badz roznymi drogami na potudnie do Pradoliny Warszawsko-Berlin-
skiej, bgdz (nieco poézniej) przez zweZenie pradolinne pod Eberswalde
(.Eberswalder Pforte'') na zachod. W tej subfazie na wschéd od lobu
Odry tworzyly sie na przedpolu lgdolodu olbrzymie pola sandrowe,
a wody roztopowe dazyly na poludnie w kierunku przysziej pradoliny.
Jak dotad nie ma dowodu, ze w tym okresie istniala jakas pradolina,
ktora by zbierala wody roztopowe, laczac je z wodami rzek idacych
z poludnia. Pierwszy ciag pradolinny zwigzany ze stadium pomorskim
wytworzy! sie — zgodnie z pogladem H. Liedtkego — na przedpolu Od-
ry, lecz jego zasieg ku wschodowi jest nieznany. Tymczasem wody
rzeczne odptywaly na zachod Pradoling Warszawsko-Berlinska.

W nastepnej subfazie (ryc. 9a), przypadajacej na okres szybszego
zaniku lobu Odry niz pozostatej wschodniej czesci ladolodu, powstaty
liczne doliny sandrowe (,,s" na ryc. 9a), ktérymi wody roztopowe po
usypaniu rozlegltych stozkow sandrowych dazyly na potudnie, uchodzac
do wielkiego szlaku pradolinnego, ktéry zajmowal potozenie perylery ne
w stosunku do krawedzi ladolodu. Pradolina ta w okresie schylkowym
stadium pomorskiego zbierala przewazajacg cze$s¢ wod roztopo-
wych ladolodu z jednej, a wod rzek karpackich i sudeckich z drugiej
strony. Byta ona zatem centralnym czlonem éwczesnej sieci dolinnej
(ryc. 9a.)
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Wschodnia cze$¢ tego poteinego szlaku dolinnego, zwana w daw-
niejszych pracach Pradoling Wilensko-Warszawskg *, zbierala gtownie
wody roziopowe, uchodzgce z ladolodu na wschéd od lobu Wisty. Od
potudnia wlaczaly sie wody gérnych odcinkéw Niemna, Narwi, Bugu
i Wisty. Natomiast zachodnia cze¢s¢ owego szlaku pradolinnego, zwana
Pradoling Torunsko-Eberswaldzkg (co jest tylko czesciowo stuszne) **
lub pradoling Noteci—Warty, zbierala gléwnie wody roztopowe z la-
dolodu pomiedzy lobem Wisty a zanikajacym lobem Odry. Od potudnia
wpadata Odra, ktora zdolala wytworzy¢ sobie dolinge przelomows przez
formy marginalne stadium poznanskiego, nie korzystajac juz z dalszej
czes$ci Pradoliny Warszawsko-Berlinskiej. Natomiast srodkowa Warta
lgczyla sie z Odra jeszcze przez powyzsza pradoline, przy czym Warta
otrzymywata doplyw plynacy z polnocy przez poézniejszy odcinek prze-
lomowy doliny Warty (okolice Poznania) ***,

Polgczone wody Wisty i Odry, zbierajgce sie w Kotlinie Kostrzyn-
skiej, odplywaly w glownej swej masie doling dolnej Odry, nastepnie
doling Redowy, by za posrednictwem jednej z pradolin meklemburskich
uchodzi¢ do tworzgcego sie u wybrzezy Meklenburgii i wysp dunskich
battyckiego jeziora lodowego. Z tego powodu H. Liedtke wprowadzit
dla omawianego szlaku pradolinnego, w owym okresie, nazwe pradoliny
Noteci—Redowy. Pozostala czes¢ wod pradolinnych korzystata nadal
z niewygodnego, bo ciasnego zwezenia pradolinnego pod Eberswalde.
Zatem istniata tu bifurkacja wod pradolinnych, podtrzymywana gléwnie
przez wody powodziowe. Z powyzszego opisu wynika, ze deglacjacja
przebiegala nieréwnomiernie, tj. szybciej na zachodzie niz na wschodzie,
co moglo by¢ nastepstwem bardziej morskiego klimatu na zachodzie.

Rekonstrukcja wyzej nakreslonego obrazu rozwoju sieci dolinnej
w okresie schylkowym stadium pomorskiego zostala oparta przede
wszystkim na analizie teras pradoliny Noteci—Warty w ich powigzaniu
ze szlakami sandrowymi.

Autor zrekonstruowal system odplywu sandrowo-pradolinnego
z okresu pradoliny Noteci—Redowy, siegajacy od terasy sandrowej
Brdy i szczatkow terasy pradolinnej w Kotlinie Torunskiej na wschodzie
do fragmentow terasy pradolinnej w dolinie Redowy na zachodzie
(ryc. 11), uwzgledniajgc takze studia H. G. Osta (58, 59), St. Kozar-
skiego i J. Szupryczynskiego (37, W. Mroézka (54),
H. Liedtkego (48) i in. Dla rekonstrukcji dolin wystepujgcych
w tej fazie na wschod i poludnie od dzisiejszej doliny dolnej Wisty,

* Ostatnio J. Kondracki nazwe te wznowil (34).
** Por. uwagi na ten temat na str. 103-104.
*** Por, prace T. Bartkowskiego (5).
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ktora w owym czasie zapewne plynely na poludnie do Kotliny Torun-
skiej wody sandrowe Wdy, pozyteczne okazaly sie badania St. Len-
cewicza (46), dotyczace doliny Wisly, J. Kondrackiego (32,
33, 34) poswiecone obszarowi Mazur, W. Okolowicza (57) doty-
czace rozwoju doliny Niemna i L. Roszkdwny (64) o morfologii
zachodniej czesci Pojezierza Mazurskiego.

2. Faza przejsciowa. Jak wskazano, w czasie maksimum
stadium pomorskiego wody roztopowe z pobliskiego lobu Odry odpty-
waly réznymi drogami do Pradoliny Warszawsko-Berlinskiej, a pozniej
dopiero pradoling pod Eberswalde na zachod. Odplyw potaczonych wod
fluwioglacjalnych i rzecznych pradoling Noteci—Warty ku zachodowi,
a nastepnie po przyjeciu wod Odry na poinoc, ku zanikajagcemu lado-
lodowi (z czesciowym bifurkacyjnym odplywem przez zwezenie prado-
linne pod Eberswalde na zachdd (ryc. 9a) byt juz wyrazem koncowego
etapu stadium pomorskiego. Odplyw wod dolinami Odrv i Redowy do
tworzgcego sie Baityku byl réwnoczesnie wstepnym krokiem do nastep-
nej fazy rozwoju sieci dolinnej, mianowicie do fazy przejsciowej. Na
zapleczu moren czotowych stadium pomorskiego, w trakcie etapowego
(fazowego) wycofywania sie ladolodu na teren obecnego Baltyku, roz-
wijala sie sie¢ dolin marginalnych, powigzanych ze soba kotlinami
zastoiskowymi, dolinami tymi ptynelty wody fluwioglacjalne uzupetnione
wodami niewielkich rzek, ktére tworzyly sie na poéilnocnym sklonie
moren stadium pomorskiego. Podczas dluzszego postoju ladolodu, zbie-
gajgcego sie zapewne z fazg poélnocno-rugijska, powstala pradolina
pomorska, opisana przez K. Keilhacka (29), K. v. Bilowa
(8) i wielu innych (ryc. 9b).

Tymczasem na poludnie od moren czotowych stadium pomorskiego,
w warunkach klimatu peryglacjalnego, dotychczasowymi dolinami san-
drowymi zaczely ptyna¢ rzeki, odwadniajac rozlegte stozki sandrowe.
Dazyly one do pradoliny, w ktorej skupialy sie wody catej sieci rzecz-
nej obszaru Polski, plynac w poziomie tzw. terasy pradolinnej przej-

| Sciowej, ktora wcieta si¢ na okolo 5 m w terase pradolinng odpowia-

dajaca fazie proglacjalnej. Terasa ta wystepuje nie tylko w pradolinie
Noteci—Warty. Stwierdzono jg takze w dolinach sandrowych, w dolinie
dolnej Odry i Redowy, ktoredy wody ostatecznie odptywaly, kierujac
sie ku Baltykowi. Terase te stwierdzono réowniez jako najwyzszy poziom
dolinny w ujsciu doliny Warty do pradoliny. W tym okresie istniala
juz dolina przelomowa Warty pod Poznaniem i wody Warty laczyly
si¢ z wodami rzecznymi plyngcymi w pradclinie Noteci—Warty. Jedy-
nie cze$¢ wod warcianskich — zgodnie z pogladem T. Bartk o w-
skiego (5) — kierowala sie jeszcze bifurkacyjnie na zachéd prado-
ling Warszawsko-Berlinska.

8 — Prace geograficzne
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W nastepnej subfazie, w poziomie goérnej terasy zaczela sie wy-
odrebnia¢ dolna Wista, a wody Odry odptywaly na péinoc do wyzwolo-
nego z lodu obszaru w obrebie obecnej Zatoki Pomorskiej. Lecz faza
przejsciowa jeszcze trwa. Dlatego tylko cze$¢ woéd wislanych kieruje
sie ku polnocy, gdy tymczasem pozostale wody odptywaty bifurkacyjnie
na zachoéd pradoling Noteci—Warty (17). Podobnie cze$¢ wod skupio-
nych w dolinie dolnej Odry cdptywala bifurkacyjnie doling Redowy na
zachod. Lecz wiekszos¢ wod rzecznych Odry, reprezentujgcych gléwng
mase wéd rzecznych na Nizu, po przejeciu wod z pradoliny pomorskiej,
odptywala podmorskg obecnie doling wzdluz Uznamu i Rugii do two-
rzacego sie wowczas Baltyku.

Dokad odplywaly wody dolnej Wisly? Niewatpliwie w owym czasie
Zatoka Gdanska byia jeszcze zajeta przez lob Wisly. Na jego przedpolu
rezposcierala sie depresja koncowa otoczona wiencem moren stadial-
nych. Wedlug przewazajacej opinii badaczy obszar ten byt zajety przez
rozlegte jezioro lodowe, tzw. zastoisko gdanskie, opisane przede wszyst-
kim przez P..Sonntaga (69). Ostatnio w tej sprawie wypowiedziatl
sie Z. J. Kotanski (36), wskazujgc na slady zastoiska w sasiedztwie
Zultaw Gdanskich na wysokosci 40—45 m n. p. m., natomiast nizej po-
lozone listwy abrazyjne (17—20 m n. p. m.) na skraju wysoczyzny uzna?
jako slad morza litorynowego. Zagadnienie to, zdaniem tego autora,
jest nadal dyskusyjne i wymaga szczegélowych badan. W kazdym razie
wiele faktéw geologicznych i morfologicznych wskazuje na istnienie
w owym okresie zastoiska, ktére powiekszalo sie a rownoczesnie obni-
zalo w miare wycofywania sie ladolodu na terenie Battyku.

Czy doszto do cstatecznego zaniku zastoiska, gdy ladolod catkowicie
opuscit lad, czy tez obecne Zulawy wraz z Zatokg Gdanska staly sie
od razu zatokg morskg — pozostaje sprawa dyskusji *.

Podczas jednej z kolejnych faz postoju w okresie starszego dryasu
(ryc. 9c) powstala pradolina Pregoly opisana m. in. przez B. Korn-
kego (41); jej wody uchodzilty do jeziora lodowego na terenie obecnej
delty Wisly. Odplyw z tego jeziora nastgpil przez pradoline Leby, a da-
lej na zachod przez jednag z licznych dolin marginalnych wzdiuz kra-
wedzi lgdolodu. Zasieg ladolodu byl w owym czasie zapewne jak i po-
przednio zroznicowany. Prawdopodobnie w zatokach Gdanskiej i Pomor-
skiej lgdolod posiadal lobowe wygiecia. Wskazujg na to réwniez wyniki
badan H. Kliewego (31). Jedynie po obu stronach Zatoki Gdanskiej
na podstawie wystepujacych tam form marginalnych mozna dokladnie
ustali¢ zasieg ladolodu w owej fazie deglacjacji. Wielka pradolina na

* Autor w Swietle analizy rzezby podwodnej i budowy geologicznej celty Wisty
wypeowiedzial sie za drugq ewentualnosciq (21).
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poludnie od moren stadium pomorskiego odgrywa nadal role najwaz-
niejszej arterii wodnej na Nizu. Nadal istnieje bifurkacja wéd Wisly
plynacych z kolei w poziomie wyzszej terasy srodkowej. Najstarsze
bowiem osady torfowe w pradolinie Noteci na zachod od Bydgoszczy
pochodza z mtodszego dryasu, przeto z okresu gdy lgdoléd wycofal sie
juz na teren Skandynawii. Natomiast, jak wynika z analizy feras w do-
linie dolnej Odry, wszystkie wody Odry odptywaly na poéilnoc pod-
wodna obecnie pradoling wzdluz Uznamu i Rugii do Baltyku, przyj-
mujgc od wschodu wody rzek marginalnych ladolodu.

3. Faza baltycka. Dokonanie pelnego odwrotu woéd Wisty do
otwartej Zatoki Gdanskiej ( w poziomie nizszej terasy srodkowej doliny
dolnej Wisty — Aller6d?) i wytworzenie sie dzialu wéd w pradolinie,
jak rowniez dotarcie wod Niemna do baltyckiego jeziora lodowego,
otwieraja ostatnig faze w rozwoju nadbaltyckiej sieci dolinnej, miano-
wicie faze baltycka. Maleje znaczenie Odry, pozbawionej doptywu woéd
pradoling z Wisty. Ujscie Odry w owym okresie, w odroznieniu od Wi-
sty i Niemna, znajdowalo sie na terenie Baltyku z dala od obecnego
lodu. W fazie baltyckiej utrwalila sie ostatecznie owa zasadnicza
sprzecznos¢ w kierunku odplywu rzecznego na Polskim Nizu. Z jednej
strony — przetrwate doliny sandrowe, skierowane na potudnie, z dru-
giej strony idgce na potnoc doliny przelomowe Odry, Wislty i Niemna
oraz doliny mniejszych rzek nadbaltyckich, dazgce kretymi biegami
za posrednictwem krotkich dolin przelomowych do pobliskiego morza.
Rzeki reaguja na polodowcowe wahania poziomu Baltyku przez
tworzenie teras dolinnych i1 akumulacje. Pradolina Noteci—Warty,
o spadku niedostosowanym do dzisiejszych przewaznie malych rzek
w miej plynacych, hamuje wplyw baltyckiej bazy erozyjnej i staje sie
doling martwa. Tymczasem blisko$¢ tej bazy erozyjnej w stosunku
do doptywoéw dolnej Wisly powoduje intensywny rozwoj ich dolin,
o czym S$wiadczy ilos¢ teras dolinnych, przewaznie erozyjnych—np.
dziewie¢ teras w dolinie Brdy.

OBJASNIENIA DO RYCIN

Ryc. 1. Terasy doliny Gwdy na wschod od Pily (potwysep terasowy)
1 — piaski sandrowe z glazikami; 2 — glina lodowcowa; 3 — piaski migdzy-
morenowe (fluwioglacjalne); 4 — ily zastoiskowe pod brukiem morenowym
(cegielnia); 5 — piaski i Zwir z glazami na powierzchni terasy I

Ryc. 2. Odsloniecie w terasie pradolinnej w dolinie Redowy (Randow) w okolicy
Bagemiihl (NRD)
a — piaski réznoziarniste z przewagq piaskow grubych; b — bruk w postaci
glazow dobrze obtoczonych o srednicy do 20 cm; ¢ — niezgodnie lezgca pod
brukiem seria warstwowanych piaskow przedzielonych warstwg zwirow
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Ryc

Ryc.

Ryc.

Ryc.

Ryec.

Ryec.

Ryec.

Ryc.

. 3. Odsloniecie w terasie pradolinnej przejsciowej w Dziembowku (na wschod
od Pity)
1 — piasek pokrywowy i utwory rezydualne po $cigciu erozyjnym gliny more-
nowej, kieszenie akumulacyjne; 2 — glina lodowcowa; 3 — warstwowane
piaski fluwioglacjalne o roéznej frakcji; 4 — piasek drobnoziarnisty z przewar-
stwieniami piasku gruboziarnistego — upad 32° na potudnie; 5 — mulek piasz-
czysty
4. Odstoniecie w gornej terasie w Paterku (na poludnie od Nakla)
1 — utwor pokrywowy rezydualny (glazy i Zwir); 2 — jasnoiolte warstwowane
piaski; 3 — brunatna glina lodowcowa

5. Odstoniecie w gornej terasie w cegielni Murzynowo (na potudnie od Drez-
denka)

a — poziomo warstwowane jasnozolte piaski rzeczne; b — bruczek z kawatkami
przerobionego ilu; ¢ — jasnozolte piaski fluwioglacjalne o roznym nachyleniu;
d — warstwa glazikow, silnie zlimonityzowanych piaskow i zwirow o warstwo-
waniu przekgtnym oraz liczne bloki

6. Odstoniecie w gornej terasie w Meyenburg w dolinie dolnej Odry (NRD)

a — piaski drobno- i $rednioziarniste o niewyraznej laminacji horyzontalnej;
b — zwiry z glazikami i glazy obtoczone, stabo widoczna laminacja horyzon-
talna, ¢ — piaski drobne i s$rednioziarniste, warstwowane, o zmiennym na-
chyleniu

7. Wykres sredniego obtoczenia ziarn niektorych osadow terasowych w prad:linie
Noteci—Warty, dolinie dolnej Odry i dolinie Redowy (Randow) wedlug pomiaréw
W. Stankowskiego.

A — t. pradolinna; B — terasa pradolinna przejsciowa; C — gorna terasa;
D — gorna terasa przejsciowa (b).

8. Szkic morfologiczny ujscia doliny Drwecy
1 — gorna terasa; 2 — gorna terasa przejsciowa; 3 — nizsza Srodkowa terasa;
4 — dolna terasa; 5 — terasa nadzalewowa (II stopien); 6 — terasa nadzale-

wowa (I stopien)

9. Rozwoj sieci dolinnej w Polsce poéinocnej

a — faza proglacjalna; b — faza przejsciowa, etap poczgtkowy; ¢ — faza pr.e;-
Sciowa, etap koncowy. Rozbiezne strzalki oznaczaja miejsca bifurkaciji

10, Terasy pradoliny Noteci—Warty. Szkic morfologiczny

1 — wysoczyzna morenowa i moreny czolowe; 2 — starsze sandry; 3 — terasa
sandrowa i pradolinna (terasa V); 4 — terasa pradolinna przejsciowa (terasa IV);
5 — gorna terasa (terasa III}); 6 — gorna terasa przejsciowa (b} czyli terasa II;
7 — gorna terasa przejSciowa (a) czyli terasa I; 8 — wydmy; 9 — zaglebienia
wytopiskowe, 10 -— jeziora. Dno pradoliny i niZsze (mtodsze) terasy zwigzane
z doling dolnej Wisty pozostawione bez oznaczen. Cyfry oznaczaja wysokosci
bezwzgledne. Przy opracowaniu niniejszej mapy uwzgledniono takze wyniki
badan T. Bartkowskiego, B. Dammera, St. Kozarskiego, B. Kry-
gowskiego, H . Liedtkego, H Lembkego, W.Mroézka, H. . G Osta,
J. Szupryczynskiego

Ryc. 11. Profil podluzny teras pradoliny Noteci—Warty oraz dolin dolnej Odry i Re-

dowy (Randow) -

1 — dno pradoliny; 2 — terasy prawobrzezne; 3 — terasy lewobrzezne; 4 — te-
rasy po obu stronach rzeki; 5§ — okreslenia cyfrowe teras; 6 — rekonstrukcja
dawnych den dolinnych; 7 — torf; 8 — fragment profilu pierwotnego dna pra-

doliny; 9 — wysokosci bezwzgledne



PAMMYHI TAJOH

MOPPOJIOTUA
NPAIOJVMHBI HOTEIM—BAPTEIL
(IUBO TOPYHBCKO-3BEPCBAJIBICKON)

PE3IOME

OCHOBHEIE ITPOBJIEMbBI UCCJIENOBAHUS

ABTOp TIDOBOAMJI TEOJOTHMYECKMUE M TeOMOPQOJIOTMIECKME MCCJIeHoBa-
HUA nOpagosuubl oT Beiaromms mo KocTpkuHa ¥ KpoMe TOTO MMeJ BO3-
MOXKHOCTH ITO3HAaKOMUTBLCA C Haubojsiee BaKHBIMM OOHAaXKE€HUAMM B TeEP-
pacax HuKHero TteudeHus Ompel m B poauHe PaHAOB (Ha TeppMTOpHUM
Fepmanckoit Jlemorparudeckoir Pecnybimknu). ViccaemoBaHua KacaJuch
rJIaBHBIM 00pa3oM Teppac.

B npaponuze Horeum-BapTh! CylllecTBYIOT ABE KaTEroOpmMyu TEPPACOBLIX
ypOBHEH, a MMEHHO: Teppachl, CBA3aHHBIE CO CTOKOM BOJ NPaJ0JIMHEL, T. €.
COEeIMHEHHBIX PEeYHBbIX M JEAHUKOBBIX BOJ, MIM IJEMCTOI[€HOBEIE
Teppachkl, ¥ Teppachl, CBA3aHHbIE MCKJIOYUTEJIBHO C PEYHBIM CTOKOM, MJIM
rosoneHpBbie Teppackl. Teppack! 9TH CYILIECTBYIOT TaK¥Ke B JOJMHAX,
BIIAQAAIOILIMX B NPafoJMHy, ocoberHo B mosmHax Bpael, I'eabl u JpaBel. Bee
Teppachkl B AOJMHAX, BIAaJAKOIUMX B IIPajfioVHy, HAKJIOHEHbI B €€ CTOPOHY,
a B HeJi caMOil — K 3anany. TOJIbKO Ha TeppuTopuyu obemMx KpaeBBIX KO-
TJ0BMH, a ocobeHHo TopyHBCKOM KOTJIOBUHBI, HAKJIOH TEppac B HacTosAllee
BpeMsl MeHee BbIpasuUTeJIeH.

TEPPACHI B NPAJOJUMHE HOTELM UM BAPTBHI

M3 uccmemoBaHmuit aBTOpa, a TaKKe U3 CCHUIOK €ro Ha pe3ysbTaThl MC-
cNeq0BaHMII APYTUX aBTOPOB CJEAYET, YTO B MPAZOJIMHE HAJ ee SHOM (T. e.
1—2-mMeTpoOBOI MOIMOM) CYILIECTBYET IATh Teppac, He cYMTad HEMHOTIO4YM-
CJIEHHBIX JIOKaJbHBIX TEPPAaCOBBIX YPOBHE) NEPEeXOAHOTO XapakTepa:

I. Bepxnaa mnepexomnaa (a) wim S-MeTpoBas Teppaca (cpeaHWMit
yxJoH 1 :5530)

II. BepxHas nepexogHasa (6) mam 7—9-meTpoBas Teppaca (cpemHmit
ykJoH 1 :5140)
I11. BepxHaa uam 10—I12-merpoBas Teppaca (cpemuuit ykioH 1 :6000).
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IV. npanosmHHasA repexogHasa Teppaca uiau 15—20-meTpoBas (cpemunit
ykJIOH 1 : 6360)

V. npajosnvHHas MJaM 3aHAPOBasg Teppaca C OTHOCUTEJIBHOM BBICOTOM
B 18—25 meTpoB (cpemumit ykJoH 1 : 6420 * mam 1 : 7270 *¥)

Bce BBIIEYNOMAHYTBIE Teppackl npazosnebl Horenyu — BapTel cyine-
crByor B TopyHBCKOJ KOTJIOBMHEe. TOJBKO BepXHAA IMepeXonHas Teppaca
(a) mosBaserca B IIunbckoit KoriosBuHe. I[IpagonvHHas mepexonHasa Tep-
paca mpopjoJixKaercsa M B IpJiuHe PaHA0B, BepXHAS Teppaca IpagoJiMHbI
HOoCUT OMYpPKAIMOHHBIA XapakTep T. €. IIePeXOAUT He TOJBKO B JOJIMHY
Panpgos, Ho m B HuzoBba Oxppbl. OcranbHble Oosiee HU3KME Teppackl Ipa-
ZIOJIMHEBI CYLIECTBYIOT HMKe B HU30BbAX OApEHL

. BepTukaJsbHbBIE NPOMEXKYTKM MEXKJY OTAEJBbHBIMM TeppacaMu yIAUBU-
TEeJbHO OAMHAKOBHI (IpubOAM3UTENbHO 4—5 M), UTO JOJIKHO CBUIETENb-
CTBOBaTh O PErYJSPHOCTY PUTMA 3P0O3MM, BEI3BAaHHO KosebaHmueM Spo3MOH-
Horo Gasmuca. TonbKO B BepXHEN 4acTy HNPOJOJBLHOTO MPoduiia HEKOTOPBIX
Teppac HaKJOH MX BO3pacTaeT, a IIPOMEXYTKM MEXAy TeppacamMu mu3Me-
HATCcA. KpoMe TOro cpemHuit HakJoOH OoJiee MOJIOABIX Teppac HEMHOTO
BoJsiblle HaKJIOHA Teppac OoJiee OpeBHMX, UTO BEPOATHO CBA3AHO C COKpa-
LIleHMeM IJIMHBI HUZKHETO0 TeYeHMsA peKM IocJie Ipopeisa ee B ITomopckmit
3aJIUB.

Bce Teppachkl SABJISIOTCA 9PO3MOHHBIMY, WM 9PO3MOHHO-aKKyMyJid-
TUBHbIMM C 1—2-MeTpOBBIM, pexke OoJsiee MOIIHBIM, CJOE€M pPEYHBIX
OTJIOZKEHMI Ha MOPEHHBIX M MEXKMOpPEHHBIX ocajkax. CorjacHo M3MeHYM-
BOMY TeOJIOTMYECKOMY CTPOEHMIO IIJIeliCTOLleHa B Teppacax OOHazKeHBI
MOpEeHHad IJIMHA, CJIOMCTBbIE IEeCKM, (PIIOBUOIIALMAJNLHBII I'DaBUi U JIeH-
TOYHBIE IJIMHBI, TIPMYEM Hallle BCero MOpeHHas IJMHa MoABJgeTca B Ooiee
BBICOKMX TeppacaxX, a MeXKMOPEHHBIE OTJOXKeHUd Ha 0ojee HU3KUX Tep-
pacax (M. mp. nmpoduab Teppackl B HMKHeM TedyeHmyu I'sapr — puc. 1). Bo
MHOI'MX CJIy4aAX Ha IOBEPXHOCTHM Teppac B CBA3YM C UX 3PO3MOHHBIM Xa-
pPaKTEPOM COXPaHMIIMCHL TOJIBKO OCTAaTKM MOPEHBI B BHJE BaJyHHMKA
C BaJIlyHaMM DPa3HOM BeJIMYMHBI, a pedHble MEeCKM JIexKaT MOYTH Herocpen-
CTBEHHO Ha MecKax (PJIIOBMUOTIIALMAIbHBIX.

Ha mnecuansIx Teppacax o6pa3oBaJyich IIOHBI, NepeXOoAsdllle MecTaMu
B CIIJIOLIHBIE AIOHHBIE KOMIIJIEKCHI.

OTJio3KeHuA NPajgoJIMHHOM (3aHEPOPPI) Teppachl BbIKAa3bIBAIOT XapaK-
TEPHBI JJI OCAAKOB TEKYYMX BOJ, MEJJIEHHBIN, HO IIOCTOAHHBIA pOCT
oKaTaHHOCTM (puc. 7), He HapyUIEHHBbII IIPUCOEIMHEHMEM K HeM 3aHJApPOB
TBaer u JIpaBhl, 4TO IO BCeli BEPOATHOCTHU ABJAETCA PE3yJbTATOM OLHO-
BPEMEHHOTO CYILIIeCTBOBAaHMSA ITOXOXKMX OJMHBI ¥ HAKJOHA 9TUX 3aHIPOB.

* Ha yuyactke Briarony — Baremmonb (B foamHe PaHAoB).
** Ha yyacTKe AnercaHapos Kysas. — Baremmoap (B poauHe PaHaos).
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OKaTaHHOCTL 3€pPEH OTJIOXKEHMI CJIeAyIIIMX Teppac BbIKa3bIBaeT SCHOE
HapylIeHMe JIMHUM CBOEro pa3BUTHA C TeYeHMEM PEeKM TaM, TIe K ocagkam
MpajioIMHbl TIPMCOEAMHAIOTCA OTJOoXKeHMaA I'Bapl miam JpaBbl, CeaMMEHTH-
pyMolMe B MHBIX YCJIOBMAX, BBI3BAHHALIX BEpPOATHO GOJBIIMM HAKJIOHOM
9TUX PEK.

TEPPACBI B BOKOBBIX JOJMHAX

OnucaHHbIE BBIIIE Teppachl npaxoauHbl Horeum-BapThl ¢ ux nmpomosr
JKEeHMeM B AoJuHe Hu30BbeB Oaphl M gosimHe PaHAOB MMEIOT CBOM aHAJOIU
B AOJMHAX, BNAAAKINMX B NpagoJMHy. DBblaM ucciaenoBaHbl HMU3OBLA
IpBeHILIbl, 3aHApa ¥ AOJMHBI Bpasl, nonuub! JIOOKOHKM, 3aHApPA U NOJIUHBI
T'sppl, 3aHzapa u gosauHb! JpaBbl, Teppachkl JOJMHBL BapTel BbllIe yCThA
Horeuyn u panx MeHbIUMX AOJINH.

McenegoBanne Teppac B HOJMHAX, COEAMHAIIMXCA C NpagoJmHoi Ho-
Teny—BapTh! MoATBepIKaeT NIPOU3BEAEHHOE Bhillle ITOAPa3AeieHe Teppac
B [IPaZ0JIMHE Ha IIATH TEPPaCOBBLIX YPOBHEM, NMOABJAKIIMNXCA B BUAE MEHb-
wmMx ¥ OOJNBIIMX YYaCTKOB BHAOJBL BCei NpPafoJuHbl (HE NPUHATHI BO
BHYMaHMe JIOKAaJAbHbIE 3aHAPOBBIE [IOBEPXHOCTH, OOpBIBAIOIIMECA 9PO3MOH-
HBIM YCTYIIOM K MNpajgoimHe u l1—2-MeTpoBas IIOVMEHHas Teppaca).

AHO ITPAJOJMHBI
L 4

B paapHeiiieM aBTOp aHaJIM3MpyeT AHO INPagOJMHBI, KOTOpOe, IIocje
[I0TePU PEYHBIX BOJ, IOABEPIJOCH 3aIOJHEHMIO CYTJIMHKaMU U TOPQOM.
U3 uccanepoBaumit T. Xypckpro (10) caemyer, uro penaved AHA mpa-
IOJIMHBI, TIOKPBITOIO OPTraHOTEHHBIMM OTJIOKEHUAMY, OYeHb HEPOBHBI.
I'nybusa BmaawH, 3allOJHEHHBIX B HAcToAllee BpeMa TOpdoM, AOXOAMUT
no 10 x u 6onpumie. Kpome TOro CyHIeCTBYIOT aKKyMYJATMBHDBIE BaJbl, Ha-
CbIlTaHHbIE peKaMy, BIagawiuyumy B npagoauny (Horens, I'Bna).

Huxke 3aTOppoBaHHOrO AHA MPALOJMHBI HaXOoAATcA norpebeHHbIE m0-
JVHBI U BIAAMUHBI, 3aII0JIHEHHBIE OTJIOXKEHUAMM 3aCTOMHBIX o3ep. VI3 aToro
BEPOATHO CJIEAYET, YTO CYLIEeCcTBOBAaJIO MOPQOJOrMyecKoe IMpegpacrioyo-
JKeHye, YHacJieOBaHHOe IIPaZI0JIMHOM BO3MOXKHO OT BPEMEHM IIOCJIETHEro
MeXJIeJHNKOBbS.

TEQJIOTUYECKOE CTPOEHUME JOJMHHOW 30HBbI

IIpamgonyHa Bpe3aHa Ha rayouny 20—40 # B MOpeHHOe IIJIaTO, & TaKKe
B OTJDXKEHMA IIMoLieHa ¥ MuoleHa. Ho Bce ke Xof mpagosuHbl BapTei—
Horeuy, uckmrovas KoCTpXRMHCKYIO KOTJIOBMHY, He BBIKAa3blBaeT IPAMON
3aBMCHMMOCTH OT penbeda OCHOBAaHMA ILJIEHCTOIEHOBBIX OTJOXKEHMMN, Opo-
rpaduyeckyie ocu KOTOPOIO IepeceKaloTCsA IPafjoJMHOA.
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OnHako OZHOBPEMEHHO C BbIIIECKa3aHHBIM MOXKHO BBIIBMHYTb TE3MUC,
IO KOTOPOMY CYILIECTBYeT yHacJeAOBaHHOE COBPEMEHHOM IPagoJIMHON
NpeApacrioyioXkKeHue B BYe psAZla BIagUH Ha IJENCTOLIEHOBOJ TOBEPXHOCTH,
OoCTaBIIMXCA IIOCJIe MIpEeAIiocjJefHero JeOJHUKOBbA (rJIALMOTEeKTOHMKa?), 3a-
MNOJIHEHHBIX OCaJKaMM 3acCTOMHBLIX o3ep (puc. 1). OrJoKeHMs MOCIIeTHEro
JIEAHMKOEBLA He BLIPDABHAJM PAAA 9TUX BnajuH, Ojlarogaps 4eMy OHM CTalN
MecTaM! CKOIJIeHMA TaJblX BOA M MX CTOKA Ha 3amnaji.

AHanyu3 AHa IPaJioJIMHBI U €e TePPac ¥ UX yBA3KA C 3aHIPOBBLIMU U JIO-
JUHHBIMM TeppacaMy HMU30BbeB Buesbl u OApbl faeT BO3MOXKHOCTBL BOC-
TIPOM3BECTH 9Tambl PasBUTHMA NpanoauHbl Horeuy—Baprbl OoT BpemMeHn
TIOMOPCKOJ CTaAMy IOCJIESHEr0 JEAHUKOBLS N0 HACTOALIEr0 BPEMEHM.

Yro KacaeTcsa mnepuojia OT BpeMeHM mpebblBaHMA Kpas JiefHMKa Ha
JUMHMM HaJHOTEIKMX MOpPeH IO IOMOPCKOI CTagMy¥ — HaluM CBeJeHMUA
HaxogATca B cdepe NpeANnoOJIOKEHMUM.

IIpagonmuua Horeny—Baprbl o6pa3oBajnack BO BpeMs TIOMDPCKOM CTa-
nun. I'enesuc ee cjoxeH, Tak KaK pacCTOAHME Kpasd JIETHUKA OT NMPaSOJINHbI
He Ha BCeX ydacTKax ObIIIO OAMHAKOBO. 3amnafjHblil Y4aCTOK 3TOM NIpazo-
JIMHBI Haxoauica BOIM3M M QNaXKe HENOCPENCTBEHHO Y CaMbIX KOHEYHBIX
MOpEeH IIOMOPCKO cTazuy (T. €. JajieKo Ha 10T BBIABUHYTOM JI€AHUKOBOI
gonactu Opxpel). B pesyasraTe — B TO BpeMsa KaK Ha 3anaje, B paiioHe
KocTp>KMHCKOI KOTJIOBMHBI, CO3AaBajMCh 3aHAPHI, TIOArQIOBJIAOLIME T10-
creneHHO 00pa3oBaHMe MPANOJIMHBI, HAa BOCTOKE Iepes KpaeBbIMU ¢opma-
MM NIOMOPCKO} cTaamu, ob6pa30BBIBANMMCh IlepBble 3aHAPOBbIE KOHyCa BbI-
HOCa, He AOXOoAfAllMe O COBPEMEHHO! NpPagOoJIMHBL

OpgBako ¥ B 3amajHOM 4YacTy NPaA0JIMHBI €€ 9BOJIIOLMA IPOXOAMa He-
CKONIbLKMMM 9Tanamyu. Bo Bpema cyuiectBoBanma Jomact Ofpbl Tajble
BOABI, KaK 9TO CJIeAyeT M3 HamnpaBJleH}ud CTOKa 3aHAPOBBLIX BOM, CBA3aH-
HBIX C 3TUM IEPHOAOM, NlepeceKayid COBPEMEHHYI0 KOCTPKMHCKYIO KOTJO-
BMHY, HanpaBJAACh Pa3HBIMM NMyTAMKU B BapiaBcko-BepiuHckyio mpapgo-
JMHY, MEXAYy MNpOYMM 4epe3 CYKEeHHYI0 4acTb MNpaZoJMHbl mon 3bep-
CBaJbAd.

I He cuMTal0 BO3MOXKHBIM COIJIACUMTBHCA C MHEHMEM HEeMELKMX YYeHBIX,
yrto KocTpKMHCKasA KOTJOBMHA Oblja 3aroJiHEHa CIJIOLIHOM Maccoifi MepT-
BOTO JIbJa M TOJBKO INPY 9TOM YCJIOBUMM OB BO3MOXKEH CTOK JE€JHUKOBBIX
BOJ 43 COBPEMEHHOM CeBEPHOM YacTy 3TOM KOTJIOBMHBI B €€ IOXKHYI0 4acTb
1 pansuie B BapiiaBcko-BepauHckyrw npagonmuy. CoBpeMeHHBIE CKJIOHbI
KocTpk1MHCKOM KOTJIOBUHBI, popMa M IInyO6uHa ee 00sA3aHBI CBOMM ITPOMC-
x0xJeHueM 6osiee MOJIOABIM 9PO3MOHHBIM mnipoueccam Oxpsl u Baprtsl
(puc. 10).

ITocne orcrynuenua gomacti OApbl A0 JMHUM MOpeH ¢pa3bl AHrep-
MIOHJ3, MMEIOLUX CBOe NPOAOJIKEHMe Ha BOCTOK 0T OAphl B BuAe MOpEH
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okpecTHOcTeit XOMHBI, HacTynuja HoBas da3a obpa3oBanuAa 3aHIPOB.
Hosble 3aHAphbl Bpe3aauch B DoJsiee JpeBHME 3aHAPOBBLIE NTOBEPXHOCTH. Bo
BpeMsa 5701 (pa3bl He TOJBKO 3aHAPOBBIE BOABI MPOTEKAJM C BOCTOKA IO
npagosauHe BapTbl (HEM3BECTHO B KaKMX TPaHMIAX), HO COrJIACHO MHEHMIO
T. IupgTKe CTeKaay NepBbli pa3 CyXKEHHBIM y4YacTKOM MPagOJIMHBI IO
ObepcBaaba? Ha 3anafg. Torga obpaszoBajach npano:nvma, BKJIIOYAlOIad,
BEpOATHO, IpafoauHy Baptel n 96epcBanbid.

Bo BpemMa mMakcuManbHOM (MaM peLlecCUBHOM) pa3bl TIOMOPCKOM CTagum
Ha BOCTOK OT mcuesawlneit sonactv Opapel, 3aHApPbl B Bue 3aHAPOBBIX
JOJMH HOCTUIJIM BIOJbL cOBpeMeHHBbIX Bpael, Bpawi, I'Babr u paBel o
CYILLIECTBOBABIIMX B TO BpeMsd MEJKMX BIaAuH B 30HE HAaJHOTELKMX MOPEH
U rnpeobpazoBasy UX B HOJUHY, O NPOMUCXOXKIAEHUM KOTOPON CBUAETEJb-
CTBYIOT KOTJIOBMHOOOpa3Hble pacluupeHHble ¥ 0oJiee y3KMe OOJIMHHBIE
yyactku (BOpOTa).

O6pa3orasicAd €AWHBINA NPaJOJMHHO-3aHAPOBLIV YPOBEHb, ONMCAHHBIN
BBIILIE II0J] Ha3BaHMEM IIPAJOJMHHOM Teppachl, ¢ KOTOPOY YBA3LIBAIOTCA
3aHApOBhBle Teppackl Bpavl, I'eabi u paBsbl.

ITpagosnvHEBIe BoAbl M3 npafoimHbl HoTenu cTeKa M He depe3 CcyKe-
HMEe NOJIMHEI nog O6epcBaJsbas Ha 3anaf, HO, KaK 3TO CJIEAYEeT U3 AajbHel-
1IIeT0 HanpaBJIeHMA Teppachkl, Ha ceBep BAOJb HuiKHeEro TedeHusa Onpbl
M noauHbl PaHAoB, rae nmpociekeHa NpafoJIMHHAA Teppaca elle B OKpecT-
HocTax Biiombepr m Baremrioss Ha BbIcoTe 18—20 M H. y. M. Bo3moixkHo
OJHAKO, YTO 4acTb BOM, MOXKeT ObLITHb BO BpeMs MCKJIIOYMTEJNBHO GOsbLInX
HAaBOOHEHUI CTeKaJsia yepe3 MpazoauHy J0epcBanbas Ha 3anaf.

Bo Bpema 9Toit rinaBHOM ha3bl NPAAOJMHHOTO CTOKA, COOMPAIOLUEro
JIEIHUKOBBIE BOJBI JonacTy ByUCIIbI ¥ MEHBIINX JIOMACTEN, PACIIOIOK eHHBIX
Ha 3amaz or Hee, Jomnacte Oxphl yxke ucue3ana. Bo BCAKOM ciydae
aKTUBHBINM Jey Haxoauicsa B okpecTHocTax IllenymHa, GBITH MOXKET Ha JM-
HMM TaMOIIHMX MopeH Hanopa. CoemuHeHHble Boabl Bucibl u Omphl Tekan
no gonuHe PaHIoB Ha ceBepo-3amaj, a 3aTeM Bhnazaiau B obpasyiolieecsa
Ha 3anage Bauatuiickoe JiefHMKOBOe 03epo. Ecau BO BpeMs IOMOPCKOI
CTaauy B Ipefesax Jornactu Bucibl M MeHbLIMX JOnacTeli, HaXOQSILMXCA
Ha 3anaj oT Hee, jonactb OApEI 0TMHMpPAJa, TO NPOLECC Aeraduuanmu ObLI
ewle 6ojlee MHTEHCMBHBIM JaJbllie K 3amagy T. €. B 06JaCTM AATCKUX OCT-
POEOB.

Pesbecd moBepxHOCTM 3aHAPOBOI M INIPafOJMHHON Teppachkl paszHoobpa-
35T MHOrOYMCJIeHHBble (pbopMEBl, 06pa30BaBILIKECA OT TASTHUA MEPTEOIO JIbAA.
Ocobenno MHOro Ttakmx ¢OpM cCylLIeCTByeT B I['OXKOBCKO! KOTJIOBMHE,
ABJAIOLIENACA 4YacThio KOCTpPXKMHCKOM.

Korpma JjieqHMKOBBIN TTOKPOB OKOHYATEJBHO MCUe3 U3 30HBI KOHEYHBIX
MOPEeH NOMOPCKO}M CTaAuMM M Ha BOCTOK OT oTMuparouieit jonactu OApBhI,
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CTOK JIGQHUMKOBBIX BOJ C ceBepa npekparmicd. Ha 3aHAQIBBIX KOHYyCax
BbIHOCA 00pas3oBajmch pEKM, Bpe3aBIIMECsa B CO3JaBHIMECA Ilepef 9TUM
3aH/IpPOBbIE IIOBEPXHOCTYM, & Ha TEPPUTOPUM IPajfoJIMHBI ¥ B TIJIAaBHYIO
NpajoJMHHY Teppacy. Boper mpagoavael M OApbl HanpaBJIAJUCH II0-
-mpexHEMy IO AojuHe PaHZOB Ha ceBepo-3amnan depe3 TeppuTopuioo Me-
kyaenbypruu B obpasymonieeca Bantuiickoe mope (BanTuiickoe JiefHUMKOBOE
o03epo). CaMblil OTHAJIEHHBIN M CAMBI HM3KUIL CJef] CTOKa IIPaJOJIMHHBIX
BOZ Ha IIOBEPXHOCTM 9TOM Teppachl HAXOOUTCA B AoauHe PaHIOB BO3Je
Bmombepra Ha BbicoTe 13 M H. y. M. OT0 6bLI HmepMomg MaKCHUMa J b-
HOTO CTOKaAa peyHbIX BoZ (yzKe He TajblX) no npazoamHe Horermm —
BapTtbl, a 3aTeM JOJMMHOM HMKHero TedeHua OApHL

OtmupaHue Joractu Buciubl 1 obpasoBaHue BanTuiickoro JieZHMKOBOTO
ozepa co3maJsio OJaronpuATHBIE YCJIOBMA B CYLIECTBYIOILEM B TO BpeMdA
3aJMBe, foxopAueM o TueBa n MasnbOopka, nyia HenocpeAnCcTBEHHOTO CTOKA
Boj, Bucabl Ha ceBep. Victopusa npopbsiBa Buciabl K ceBepy ellle HeM3BeCTHA.
OnHOJ U3 IEepBLIX IONBLITOK €€ BBIACHEHMSA SBJIAETCS KOHIENIMA odepes-
HBIX 3acTo¥iHbIX o3ep II. 3oHHTara (70). Bo BcakoMm caydae cienyer
NPUHATH HECKOJLKO (pa3 pa3BUTMA TEePPUTOPMMU COBPEMEHHOM MAOJIMHBI
HYKHero TeueHus Bucsnl. Bo Bpemsa cToka BOJ Ha yPOBHE 3aHIPOBO-IIPa-
JOJIVHHOM Teppachbl 3THMM Ke IIyTEM, II0 BCell BEPOATHOCTM, CTEKaJyu 3aH-
JApoBBIe BOAbI BABI K 10Ty B CTOPOHY npamosauHbl. CTOK TOID Ke Hampas-
JIEHMsI CYILIeCTBOBAJI, BEPOsITHO, TAKKEe Ha YPOBHE INEPEXOMHO IMPaZoJINH-
Ho¥ Teppackl. OJHAaKO BO BpeMs 9TOTO NepMoia IPOMCXOANIN MOP(MOJIOrH-
YecKyue NPOLIECChl, IIOATOTOBJISBLINE HIPOPBIB YacTi Box Bucabl K ceBepy.
HoBrit nyTe B NepBoit ha3e MCIOJIbL30Bady, BEPOATHO, KaTacTpoduyeckue
BOZBI, II037JHEE BOABLI PETyJApPHBIX pa3yuBoB Bucikbl. VI3BecTHO, YTO 4YacTh
Box Buciel HampaBJAJach IO IIOBEPXHOCTM BEPXHEN Teppachl, KOTOPYIO
Kalinerax u gpyrue uccienoBaTeNy CUMTANIM AHOM 3aCTOMHOTO 03epa
(TOpyHBCKOr0), K CEBEPY B 3aCTOIHOE 03€p0, HaXOAMBIIIeeCHd B 30HE TeIle-
PelIHero ycTha Bucisbl, a yacTh BOJ Ha 3amaj BAOJb npazoiuHbl Horery—
Baprsr

3anagHbplii PyKaB TEKyllel B ABYX HAIPaBJIEHUAX BHMCHAbI MCIIOIB30BAJ
npagoauHy Horermm — BapThl, npuyeM BoAgbl Bucibl M ee IPUTOKOB,
pearupysa Ha kKoJsiebaHmsa spo3moHHOro 6asmca, Bpe3aJnchb B IEPEXOTHYIO
NpafoJuHHYy0 Teppacy. Ilocsae coemuHeHMsa ¢ Bomamy BapThel BOABI mpazo-
JIMHBI cauBanuck ¢ Bogamyu OApbI ¥ BMECTe C HUMM HaIpaBJIAJINCh K CEBEDPY.
HacTe caMBHIMXCA BOJ HANpPAaBJIAJACh, KaK M JO TOrO BpeMeHM, II0 TOJIMHE
PangoB Ha ceBepo-3amaj, a OQHOBPEMEHHO YacThb MX CTEKaja Ha CeBep
B HanpaBJeHum obpazyromeroca Ilomopckoro zaamBa. 3To ObLI BTOPOIL
©OudypKaIMOHHEIA CTOK B OJHOM M TOJ K€ PEYHO CHUCTEME.

PasBurue pmonmuer Buciabl 3amo3ganio Ha ofgHy ¢pasy IO CpaBHEHMIO
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¢ pasButmeM foJyHbI O[pBI, YTO ABMJIOCH pe3yabraToM bosiee paHHei ne-
raaumanyuM Ha 3anage. Budyprauua Bojg Buciasl npoposzkanach elle Ha
ypOBHE 5-MEeTpOBOI Teppachl NPagOJMNHbI.

M ToabKO Tocisie MepeXxofa Ha CaMblif HM3KMiT NMPaJOJMHHBIA yPOBEHb

T. €. Ha COBPeMEHH)€e QHO MPAaf0JIMHBI, 3aI0JTHEHHOE CYTJMHKOM M TOpdOoM,
IIPOM30LIEJT OKOHYATEJbHBIM MNPOPBIB BOX Bucael Ha ceBep, B IOJMHY
ee TerepeulHero HuKHero TtedeHmsa. PakT 3ToT ObLI CBA3aH C IIOHMU-
KeHueM 3po3uoHHOoro 6asmca mnociie 06pa3oBaHUA CTOKA B CYILIECTBYOLLEE
B TO BpeMs BasTuiickoe JegHMKOBOE 03€p0, BEPOATHO, 10 NnpazfoJuHe JIS6bI.
Bozgb! Bucabl Bpezasauch B IpexHee OHO NOJMHBI, Ha3BaHHOe ,,00Jee BhICO-
Kl cpefHeit Teppacoit”, 10 ypoBHA MJagmie ,,601ee HU3KO cpenHeil Tep-
pacel”. Beaen 3a’Bucioit B ,,6051€e BBICOKYIO CPEAHIOI Teppacy’ mpano-
JIMHBI, OOJIAZAIOLUYI0 I[IPOTMBONIOJOXKHBIM YKJIOHOM, Hayajla Bpe3aThCcs
Bppa, a mporekawiiias Ha 3amaze Horeub B JaJsibHeIIEeM IT0JIL30BaJaCh
IPaJOJIMHOM.

Jo cux mop Te3uc, mo KOTOPOMY BOROPA3AEJNBbHBIA YYaCTOK MEXAY
Bppoit u Horenbio nogBeprea MOSHATHUIO, HTO SBUJIOCH TJIABHOM IIPUYMHOM
npopbiBa Bucswsl K ceBepy, He HaXOAUT NOATBepxkKAeHUA. IloBepXHOCTH
IJIMOLleHAa — KaK CKas3aHOo BhIlIe — obpa3yeT B OKpPeCTHOCTAX DBreiaromm
rnogHATHMe, HO popMa 9Ta, MOKPBITAs IJIEMCTOLIEHOBBIMM OTJIOXKEHMAMY, He
OTpaxKaeTcsi B pesibedpe COBPEMEHHOM IIOBEPXHOCTM.

ITocnie 3MeHeHns HampaBJIeHUA CTOKA BMUCHABI AHO NPagOJIMHBI MOKPBI-
JIOCh OTJIDKEHMAMY MeJJIEHHO TEKYILIMX peK, TJIaBHbIM obpazom Horemmn,
WIN-3Ke OTJIOKEeHMAMM croaumnx Box. M3 wmccaemoBaumit T. Il px u-
GBIJTBLCKOrO CJeAyer, YTO HA4YaJ0 3aMNOJHEHUS NOJUHBI TOpdOM OT-
HOCUTCA K MEepUOAy MJAAUIEro Apuaca.

OnHOBpEMEHHO C Ie0JIOTMYECKMMM M MOP(QOJIOTMYECKMMM IIPOLIECCaMy,
MIPOMCXOAMBIIMMM Ha AHE MPaf0oJMHBI, HA ee CKJOHAX M Teppacax Ipoyuc-
xXoauau pesabedoobpa3yroluye Mponecchl.

Muoro 60KOBBIX HOJIMH 0O0Opa30Bajioch B NEPUTALMAJBHBIX yCJIOBUAX.
O cyuiecTBOBaHMM 3TUX YCJIOBMII CBMIAETEJBCTBYIOT IOKPOBBI Ha CKJOHaX
M JAPEeBHMX Teppacax, acMMMETPHUA IIOEPeYHOro Nnpoduias M BeTporpaH-
HUKHA.

C 9pO3MOHHBIMM IPOIIECCAMM Ha CKJIOHAX IMPaJOJMHBLI YeperoBaJiCh
90JIOBBIE IIPOLIECCHI Ha NMeCYaHbIX Teppacax NpajoJMHbI, B Pe3yJbTaTe KO-
TOpbIX 0Opa3zoBanuMck B TedeHMe He MeHee ABYX ¢a3 MHOTIOYMCJIEHHBIe
KOMILJIEKCBI OI0H, 0coOeHHO B TOpPYHBCKOJ KOTJIOBMHE M Ha BOJOpa3/eJib-
HOM npocTpaHcTBe Mexay Horenpio m Baptoir. Jo camoro mepyopa KJy-
MaTHMYECKOrO OIITMMyMa IIOCJI€JIEAHUKOBbA IPOAOJZXKAaJOCh BbITauBaHNe
rablb6 MEPTBOTO JbAa, HArPOMOXKAEHHBIX B OOJIBIIIOM KOJMYECTBE B MOPEH-
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HBIX OTJIOXEHUAX Ha TEPPUTOPMU NPAZOJIMHBI, PACIIONOXKEHHOM! C OUCTAJIb-
HOJM CTOPOHBI OT MAaprMHAJBHBIX (POPM IIO3HAHCKOM CcTagMM M B 30HE
HAJHOTELKMX KOHEYHBIX MOpEH.

3TAIIBI PA3BUTUSA TIOCJIEJEIHMKOBOM IOJMHHOM CETM B MNPEIEJIAX
IIOJABCKOM HUBMEHHOCTU

Ilo Bompocy pa3BUTUA AOJNMHHOM CeTM B Nepuoj OTCTyNaHMA JIeZHMKA
¢ Tepputopuu Ipubanturm mexkay Ozapoit u HemaHOM B KOHIlE IDCJIESHETO
oneneHenud cyiuectsyetr boratas aureparypa. K. Kanasraxk oauH us
[IEPBBLIX BBIACHMJI OTHOLIEHME JIEAHMKOBOIO IIOKPOBA K IIPOrJIALMAJIbHOMN
nosnuHHOM cetu. OH BBIAEAWI IOMOPCKYIO IIPafoJuHYy, obpazoBaBIIyiOCH
BO BpeMs CJEAYIOLIMX Iocje NOMOPCKOH da3s peueccym‘.nezmmxa. ITozxke,
B 0cOGEHHOCTH B IIOCJEAHME TOABI, IOSIBMUIOCHE MHOrO BaXKHBIX, IIOCBALIEH-
HBIX 9TOMY BoIpocy, paboT, KoTopble Ial0T BO3MOXKHOCTb y3HAaTb MHOTO
HOBOTO O Pa3BUTUM JOJIMH Ha TEPPUTOPHUHM, OCTABJIEHHON JI€AHUKOM, 4 ONpe-
IEeJIUTEL Te0JIOTMYECKMI BO3pacT 3TUX AoJuH. OcobeHHOe 3HA4YeHNEe yMeeT
Hacrosalasa cuHTeTHMYecKasa pafpra, Kacalomasgcsa npagoiamubl Horerm —
Baptel # ee cBA3M ¢ 3aHAPOBBIM CTOKOM M JOJMHAMM DPeK, TeKyLUVIMU
c ra (cM. npeabBlAylLIyIO TJaBy HacrodAuuei crartey). IIpamosnmnua, kak
IJIaBHBI 9JIEMEHT MNO3IHEJEIHUKOBOTO BPEMEHM, SBJSETCS KJIO4YOM AJIA
BbIACHEHMA reHe3yuca STON AOJMHHOM CHUCTEMBI.

PazButue nosMH u3yyaeMmoil TEPpPUTOPMM, HauyHas C MOMOPCKOil cTa-
AWM IIOCJIEOHETO OJIEAeHEHMsA, MOXKHO paccMaTpMBaTh B Tpex daszax ¢ pda-
aoMm cybdas3. ABTOp HazbIBaeT UX NPOrasuyMaibHON, nepexoxHom u Hau-
Tuickou dpasamu.

l. IpornauuanbHasa ¢a3s3a. Bo Bpema nporianyuaabHoi dassl,
OTHOCAIIIEMCA K IIOMOPCKOM CTazuy IIOCJIENHETO JIEAHUKOBLA B Pa3BUTUU
IOJMHHBIX (POPM pelalolliee 3HayeHMe MMeJM Tajlble JIeIHMKOBbIE BOJBI.
B nauaje stoit as3el, BO BpeMAa HauboJjbllero pacnpocTpaHeHus JIONacTyU
Opnpsel, 3aHAPOBBIE BOABLI B OKPECTHOCTAX KOCTPXKMHCKOM KOTJIOBMHBI Te-
KJM, Kak 9T0 aokazaa I. JIupaTke, aubo pasHbIMM INyTAMM Ha IOT OT
Bapmascko — BepamuHcKO} npamosanHel, gubo (HEMHOrO II03Ke) depe3
CYZKEHHBI y4YacTOK NpPazosuMHbl Bo3je ObepcBanbas (,,Eberswalder Pfor-
te”) Ha 3anan. Bo Bpemsa sToi1 cybcdaznl Ha BocTOK oT Jgonacty OApeI nepex
KpaeM JiegHUMKa o0Opa30BBIBAJIMCh OrPOMHBIE 3aHAPOBBIE HNOBEPXHOCTH,
a Tajble BOABI HANpPaBJAAJMCHL K 10Ty II0 HampaBJeHuio Oyayieit npano-
JuHbl. Jlo cMX IIOp He JOKa3aHO CYIIEeCTBOBaHME B 9TO BpeMs KaKOHi-
anbo npagonMHBI, B KOTOpPOM cobupasuck Obl Tanble BOABI CIAMBAACH
C peYHBLIMM BOZaMM, TeKyluuMM ¢ ora. IlepBaa npuiesHuKoBas JoxOmHa
CBg3aHHadg C IIOMOPCKOM craguelt, obpa3oBajack, corjgacHo MHeHuoo I
Jduprke, y kKpaa Jgomactu Ofpbl, HO AAJEKO JM MPOTATMBAJACH I3Ta
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dypMa K BOCTOKY — HemusdBecTHO. Tem BpeMeHeM pedyHble BOJAbI TEKJ HA
3amnaj; BRoJb BapiaBcko — BepanHCKOM npagosiHbL.

Bo Bpemsa cuexpyromuieit cybdassl (puc. 9a), COOTBETCTBYIOLEN NMepnoay
Gosee BbicTporo ormupanua Jomnactu OApbl, MO CpaBHEHMIO C OCTaJBHOM,
BOCTOYHOJ YacTbhIO JIEAHUKOBOTO [TOKPOBA, 06pa30Ba/Ch MHOTOYMCJIEHHbIE
3aHApPOBbIe OOJMHEL (,,S"” Ha puc. 9a), 10 KOTOPBLIM TaJble BOABI, HACHIIAB
QosbIlMe 3aHApPOBBLIE KOHycCa BBIHOCA, HAPaBJAJJNCHL K IOTY, BJIMBaACh
B 0OJIbIIIyI0 MPajOJMHY TAHYLIYIOCA BIOJIb Kpad JegHukKa. B sToil mpa-
IOJIMHEe B KOHIE IIOMOPCKOM cTagmy cobupajyack C OZHOM CTOPOHBI 60Jb-
miasg 4acThb TaJbIX BOJ JIEAHMKOBOIO I[MOKPOBa M BOJ KapmaTCKuUX M CYy-
IEeTCKUX — ¢ Apyroi. Takmum obpa3oM MpajosiMHa 9Ta ABJIAJNACH LEHTPATb~
HOM OCBIO JOJMHHOM ceTu 9TOoro mepmoza (pmuc. 9a).

B BOCTOYHYIO YacCTb 3TOJ OTPOMHOM JIOKOMHBI CTOKAa BOJ, B IPEXHUX
paborax HasblBaeMmoi BuieHckn—BapiraBckoit * mnpazoJsiMHO, CTeKaJan
raaBHBIM 00pa30oM Tajble BOABI JIEZHMKOBOIO IIOKPOBA, PACIIOJIOXKEHHOr0 Ha
BOCTOK OT JonacTu Bucawl. C rora nmpmcoegyHAIUCHL BOAbI BepXoBbeB He-
maHa, HapeByu, Byra u Bumcabl. B 3amagHoit ke 4HacT 9TOi JI0XKOMHBI,
HasbiBaeMoit TopyHCKO-D6epCBaIbACKOM MPaAOJMHOMA (YTO BEPHO TOJBKO
oryactu) mam npagosauHoii Hotery — Bapter cobupasick riaaBHeIM ob6pa-
30M TaJible BOABI JIEAHMKOBOIO ITIOKPOBA PACIOJIOKEHHOTO MeX/Ay JIOMACThI0
Bucaer 1 mcyesarwiueit Jgonactbio Oxppel. C rora Brmagasa Oppa, KoTopas
BhIpafoTasia [OJMMHY IIPOPBIBA, IE€PECEKAIOIIYI0 MapryHaJbHBEIE (OPMBbI
IIO3HAHCKOJ CTagMy, He TMOJb3yACh YViKe JaJibHeMlelt dacTblo Bapirascko-
BepauHckoit npagosmmHel. Bapra ke B ee cpefHeM TedeHUM COeMHAJACh
¢ Oxpoit elle yepe3 YIOMAHYTYIO NIPaJOJIMHY, IpUYeM IpMHMMAJIa NIPUTOK,
TEKyILLMI1 C ceBepa BAOJIb YYacTKa €€ JOJMHBI, HOCAILEro XapakTep XOJIMHb!
npopsiBa (0KpecTHOCTM IIo3HaHA *¥).

Boabmaa yacts Box Bucasl u Onpsl, cobuparommxca B KocTpKMHCKOM
KOTJIOBMHE CTEeKaJa 10 AOJMHE HMKHero tedyeHua Ofpbl, no ponuuHe Pau-
JOB, a 3aTe€M [0 OJHOM U3 MEKJIeHOyprcKMx NpafoJMH M BHOajana B 06pa-
3ymoueecs y GeperoB MexkaeHOypruM m AaTCKUMX OCTPOBOB DBanTuiickoe
JegHnKoBoe o03epo. OcTajbHBIE K€ BOABI IPAfOJIMHBI MCIIOJb30BaJN
B JlaJIbHeIIeM HeyqoOHY0 Y3KyI0 4acTh MpagosnHel y ObepcBanbas. JTaxk,
37ech Mpoucxoauia 6udypkanuma Bog NpajoJMHbI, OAAEPXKMBaeMas IJaB-
HBIM 06pa3oM MoJIbIMM BojaMmy. VI3 BBIIIIECKA3aHHOIO CJIEAYeT, 4YTO Mersd-
HManuuA IIPOUCXOANIIa HepaBHOMEPHO, T. €. ObICTpee Ha 3amnane, MeAJIeHHee
Ha BOCTOKE, YTO MOIJIO ObITH CJIEACTBMEM BJIMAHMA MOPCKOrO KJMMAaTa Ha
3amnage.

* HemaBHo E. KoHagpaU KM BO30GHOBMJ 3TO Ha3BaHME.
** CMm. crareio T. BapTKoBCKOro (CM. JMTEpPaTypy).

http://rcin



126 Paiimynn Tanon

IIpencraBieHHas Bblille PEKOHCTPYKLMA Pa3BUTHA PEYHON CeTH B KOH-
1le TIOMOPCKO}M CTaAuM OCHOBaHA IpeKJe BCEro Ha aHaJau3e Teppac mnpa-
noanHbl Horeny-BapTel 1 uxX cBA3M C 3aHApPaMu.

ABTOp BOCHIPOM3BEJ CACTEMY 3aHAPOBO — NPafOJIMHHOTO CTOKAa B IIe-
puox cyluecTBoBaHMA npamzosuHbl Hoteny — PaHmoB oT 3aHAPOBOM TEp-
packl Bpzabr u ocTaTKOB mpagoaMHHOM Teppackl B TOpYHCKOM KOTJIOBMHE
Ha BOCTOKE [0 Y4YaCTKOB NpPaAOJMHHONI Teppackl B pmoauHe PaxmoB Ha
3anaze (puc. 11), yunursiBasa uccaegosanua I T. Ocra, Ct. Ko3apec-
koro, A Illynpuuumuckoro, B. Mpyzka, I Iugrkxe u gpy-
rux. JI7a peKOHCTPYKLIMM JOJMH, CYILIECTBYIOLIMX BO BpeMA 5ToM cybdasnl
Ha BOCTOK M IOT OT COBPEMEHHOM NOJMHbI HM30BLEB Bucibl, IO KOTOPO
B 9TO BpeMs, BepPOATHO, cTeKaiu B TOPYHCKYIO KOTJIOBMHY 3aHAPOBEIE BOABI
Bapr, mocayxuay Mmexzy npouuMm wucciaepopanua Cr. Jlenmnmesuda,
E. Koragpaukoro, B. OkonoBuya u J. PomKyBHBEL

2. Illepexopuaa das3a (puc. Ib). Kak yxe 6bL70 yKasaHo, BO
BpeMA MaKCUMMyMa MMOMOPCKOM CcTagmy, Tajable BoAbl Jonactu OAphI cTeKaan
pasHbIMM NyTAMM B BapuiaBcko-BepimHCKyi0 IIpajosMHy, a IIOTOM IO
npagosmnHe y O6epcBanbad Ha 3anafn. CToK coenMHEHHBIX (DJIIOBUOTJIALIN-
afbHBIX M PeYHBIX BoA no npapmoauHe Horenu—Baprel Ha 3anaj, a 3aTeM
nocje cauaHMa c¢ BoaaMu Opnpbl Ha ceBep IO HampaBJIEHMIO K JMCye3aro-
1IEMYy JIEZHMKOBOMY IIOKPOBY) C 4YacTMYHO OucbypKanMOHHBIM CTOKOM Ye-
pe3 CyzKeHHBIIl y4YacTOK NpafoJuHBI nof 3bepcBanbnas Ha 3amnaz (puc. 9a)
6bIy1 OTpaXkeHueM KOHEYHOIO 3Taria NMoMopckoit craauu. CTox Boj MO :d-
auHam Opper m PaHznoe B obpasyiouleeca Banrtuiickoe Mope ABjaAJCA
HayaJIoM CcJeAyoluei a3l pa3BUTUA [AOJMHHOM CETH, a MMEHHO Iiepe-
X0oAHOM a3bl. B TO BpeMA KaK Ha TEPPUTOPUM COBpeMeHHOo Baatukwu
npoucxommyao sranamu (dpazamm) orcTynaHme JeIHMKa, Ha CeBep OT KO-
HEYHbIX MOpPEH IIOMOPCKOM CTaAuM pas3BMUBaJiaCcb CEThb MaprUMHAJIbHBIX
JOJIH, COEAVHEHHBIX IAPYr C APYIOM KOTJIOBMHaMM 3acTOMHBIX o3ep. Ilo
9THMM AOJMHaM TeKJM (DJIIOBUOIJIALMAJIbHBIE BOABI, ITOIIOJHEHHBbIE BOJAaMMU
HeGoJBIIMX DPEK, KOTOopble 00pa30BLIBAJIMCh HAa CEBEPHOM CKJOHE MOpEH
MOMOPCKOM craguy. Bo Bpema OoJiee NmpomoszKUTEbHON OCTAHOBKY JIeH-
HMKA, COOTBETCTBYIOLLUE}, BEPOATHO, CEBEPHOPYTMiCKO} a3e, obpa3oBa-
Jlack NOMOpCKas npagoimHa, onucaHHaa K. Kanasrraxkxowm, K. D
BronoBBIM u MHOTMMM apyrmmu (puc. 9b).

Tem BpeMeHEM Ha 0T OT KOHEYHBIX MOpPEH IIOMOPCKOM CTaiuM B yCJO-
BUAX NEPUIIALMAILHOTO KJMMATa 10 3aHAPOBBIM JOJIMHAM MOTEKJM DeKH,
cobupatonie BoAbl OOJIBIIMX 3aHAPOBBIX KOHycoB. OHM HanpaBJAJIKUCh
B NpafioNiMHy, B KOTOPOM CJIMBAIUCh BOABI PEYHOM CETH BCEI TEPPUTOPHM
Hoapum. OHM TEeKJAM MO IOBEPXHOCTM T. Ha3. NPaZOJIMHHOM IEepPeXOmHOM
Teppachbi, KOTOpad Bpe3ajach Ha IayO6uMHy 5 M B IIpafioIMHHYIO Teppacy
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COOTBETCTBYIOIIYIO IporaaunanasHoit daze. Teppaca sra cylecTByer He
TOILKO B npagosanHe Horteny-Baprtel. OHa HalileHa Tak»Xe B 3aHAPOBBIX
JI0JIMHAX, B JOJIMHEe HuKHero TedeHusa Onpwl M PaH0B — IIO 3TOMY IIyTH
BOZBI CTEKaJM, HANpaBisasach B BasarTuitckoe mope. OTa Teppaca B Buze
€CaMOro BBICOKOTO TEpPpacoBOro yPOBHS HaleHa Npu Bnajgenuu BapTbl
B NpajoJuHy. B 9T0 BpeMs yiKe CyILIeCTBOBaJja AOJMHA NPOpbIBa BapThbl
nox Ilo3HaHeM M BOAbI BapThl caMBaJuCh C PEYHBIMM BOAAMM, TEKYILMMM
o npagosmHe Horeny—BapTtel. Tonsko yacTs Box Baprol, corsiacHo MHe-
auio T.BapTkoBCcKoOTrO (5), HanpaBiaaacek eme no Bapmascko—bep-
JMHCKOM IpajoJIMHe Ha 3amaf.

Bo Bpems caexyroiieit cybdassl Ha ypoBHe BepxHeM Teppachkl Ha4ajo
OTHAeNAThCA HUXKHee TeueHme Bucabl, a Boabl Onpbl TEKJM Ha CeBep Ha
0CBOOOXKAEHHYIO OT JIbJla TEPPUTOPHIO coBpeMeHHoro Ilomopckoro 3amnuBa.
Opnuako nepexonHas ¢asa elle npogoJizkanack. [103ToMy TOJIBKO 4acTh BOX,
Bucabl HanpaBJsIAJach Ha CeBep, a OCTAaJbHAA MX HacTh TeKJa Ha 3amaf o
npagomuse Horenn—Baptelr. Takxke u 9acThb BOX, cobmparomyxcsa B J0JM-
He HMxHero tedenna OApbI, TekJaa mo goavHe PaHAOB Ha 3amaj, HO 60Jb-
I1asg 4acThb peuyHbIX Box Ofpbl — ryaBHasA Macca pedyHbIX Bop Iloabckoit
HU3MEHEDCTY — II0CJIe CJIMAHMUA ¢ BOAAMM IIOMOPCKOM NPafoJIMHBI CTeKaJsla
[0 HaxXojAlleicAa B HacTOAlllee BpeMs HMXKE YPOBHA MOPA JOJIMHE BIOJE
ocTpoBOB Y3HaM u ProreH B obpa3syolieecss B To Bpema BainTuitckoe mMope.

Kyna crekanu Boawb! HMxKHeit Bucanpi? HecomHenHo B To Bpemsa I'maHc-
KMt 3amB OBLa ellle MOKPBIT JbZPOM Jonactu Bucabl. MHorme reosoryyec-
Kue u MopdoJioryyecKkue NaHHbIe CBUIETENbCTBYIOT O CYHLIECTBOBAHMM B TO
BpeMsi 3aCTOMHOIO 03€pa, KOTOpOe DPacIypAJIOCh OFHOBPEMEHHO C ITOHM-
JKEeHMEeM ero ypOBHs II0 Mepe OTCTyllaHus JeAHMKa Ha Teppuropuio Bas-
TUKMN.

Bo Bpemsa onHOM 13 oYepeAHBIX OCTAaHOBOK JIeJHMKA B IIEPUOJ CTAPILEro
Ipuaca (cMm. puc 9c) obpazpBajack, omucanHaa M. np. B. Kép ke, npa-
mosuHa IIperosibl, BoObl KOTOPOJ BJIMBAJKUCHL B JIEAHMKOBOE O3€pPO Ha Tep-
PUTOPHMM COBPEMEHHOM aeabThbl Bucipl. CTOK 9TOro 03epa NMPOMCXOAMUJ II0
npagoaune JIabsl 1 faJsiee Ha 3amaj 10 OAHOM M3 MHOTOYMCJIEHHBIX Mapru-
HaJbHBIX JOJMH BHAOJL Kpad JexHuka. Kpail jJegHuka B TO BpeMs Obli,
BEPOATHO, KaK M NpexJe M3BUIMCT, ¥ Ha Teppuropuu I'manckoro u Ilo-
MOPCKOTro 3aJMBOB BbIrubaJica B Buze Jomnacreil. 3To MOATBEPXKAAIOT pe-
syabTatel uccaenoanuii I K auss. Bosbuiaa npazgosnnHa, TAHyLIAACA
Ha IOT OT MOPEH IIOMOPCKOM CTajuy, UrpaeT B JaJIbHEMIIEM pOJb CaMOM
BaxHO} BOJAHOM apTepum Ha Teppuropmyu Hwusmennoctu. B panbHelirem
npoxposxaerca O6udyprauma Box Bucabl, Tekyimx Ha ypoBHe Gosiee BbI-
COKOM cpenHeit Teppacbl. O6 9TOM CBUAETEJNLCTBYET (pakKT, 4TO Haubosee
ApeBHME TOPGAHMCTBIE OTJIOKEHMA B mpagosuHe Hoteuu Ha 3amaj or
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BhIArOIM OTHOCATCA K NEPHOAY MJajIIero Apuaca, T. €. K IIepuoay, Koraa
JeIHUK OTCTynmuia Ha Teppuropuio CkanamHaBmy. Kak ciepyer ogHako u3
aHaJM3a Teppac B OOJMHE HMKHeEro tedeHms OApBI, Bce €€ BOAbI TEXJM Ha
ceBep IO HaXOAAlleicA B HaCTOsdlllee BpeMA HUIKe YPOBHA MOpPA Npajo-
JIMHEe BJIOJb OCTPOBOB Y3HaM u Pyrua B Bauatuiickoe Mope, IpMHMMAasA
C BOCTOKAa BOJbl MapryMHaJbHBIX PeK JeJHMKA.

3. BaaTtuitckaa dgasza (puec. 9¢). ITonust nepexox Box Bucabr
B OTKpPBITBI I'naHCcKMi1 3aamB (Ha ypoBHe Gojiee HM3KOM cpefgHell Teppachl
IOJIMHBI HMKHEro TeuyeHus Bucasl — Aunepen) u obpa3oBaHue BOAOPa3-
Jlesla B MpajojMHe, a TaK:Ke Iepexop Box Hemana B Bantuiickoe jenuu-
KOBOe 03epo 0603HA4aIOT HayaJio MOcJefHel a3kl B PasBUTUM JNJIVMHHON
cetu Ilpubantmky, a umeHHo — Gasnruiickoit daspl. 3HayeHue OAphI, JM-
LIIEHHOM CTOKa Boj Bucnbl mo mpaposnue, ymMeHbuIaeTca. ¥YcTbe Opbl Ha-
XOIMJIOCh B 3TO BpeMs, B IIPOTMBOIIOJOXKHOCTL Bucie u Hemany, Ha Tep-
putopmn Bantukm gasnexo or coBpemeHHOro Gepera. Bo Bpems GanTuitckoit
¢a3bl OKOHYATEJHHO OMNPENEJMJICA PE3KUI KOHTPACT HANPABJIEHUA pPeu-
HOro crtoka IlosBCKOM HM3MEHHOCTH: C OHHOWM CTOPOHBI COXPAaHUBIIMECH
3aHpPOBbIE NOJMMHLI, HallpaBJIEHHbIE K IOI'Y, C APYTOi CTOPOHBL — HAaIpaB-
JIEHHbIE Ha ceBep AoJmHBI npopeiBa Oapel, Bucaer v Hemana, a Takxke
TOJMHEI MEHBIINX npubaJITUIMCKUX PeK, YCTPEMJISIOIINX CBOM M3BUJIMCTHIN
ber mosmHamMyu IpopbIBa K Gam3iekaiiemy Mopio. Peky OTMEYaloT Iocje-
JeIHMKOBBble KoJsiebaHma ypoBHa BanaTuku obpa3oBaHMeM AOJMHHBIX Tep-
pac u akkymyasauueit. Ilpagonmua Horerin — BapThl ¢ yKJoHOM, He npm-
€riocobJIEHHBIM K COBPEMEHHBIM, NIPEUMYIIECTBEHHO MAJBLIM PEKaM, 110 Hel
[IPOTEKAMIINUM, IPENnATCTBYeT BJMAHMIO OaJTHMIICKOM 9SpPO3MOHHON 0a3bl
M CTaHOBUTCA MepTBOM JosmHOMU. TeM BpemeHeM OJM30CTH 3TOit 0Gas3bl
K NPUTOKAM HMXKHEro TedyeHus BHMCJIBI CTAaHOBUTCA NPUYMHON MHTEHCUB-
HOTO Pa3BUTUA UX AOJMH, O YEM CBMETEJHCTBYET KOJMYECTBO AOJIMHHBIX
Teppac, NMpeMMyIleCTBEHHO SPO3MOHHBIX, Hamp. 9 Teppac B mosuHe Bpabl.

O0bACHEeHMA K PUCYHKaAM

Puc. 1. Teppacbi AoMmHbI I'BALI Ha BOCTOK OT IIMJb!l (TEpPacoOBBIl IMOJYOCTPOB)
1 — 3aHJpPOBBIE NECKM C BajdyHamM;, 2 — BajJyHHad I'IMHA; 3 — MeXKMOpPEHHbIe
necku (aioBuornAnManbHbIe); 4 — JIEHTOYHbIE INIMHBLI IIOJ BAaJYHHMKOM (Kup-
NUYHBIM 3aBOJ); 5 — IMECOK M rpaBuif ¢ BaJyHaMMu Ha NOBEePXHOCTM 1 Teppachl.
Teppacel 0603Ha4YeHbl PUMCKMMM LudpamMu (cM. ommcanue Ha cTp. 117).

Puc. 2. OGHaxkeHMe Ha NpPanoOJMHHON Teppace B HoauHe PaHAOE B OKpecTHOCTAX Ba-
remas (I'IP)

a — Pa3HO3ePHHMCThIE NECKM C NpeobnagaHyeM KPYMHO3EPHUCTbIX; b — BalyH-
HUK B BUJAE XOPOLIO OKATaHHBLIX BAJYHOB AuaMeTpPoM 1o 20 CM; ¢ — HECOrJacHO
3ajieraplias II0J BaJyYHHMKOM CepUA CJIOMCTBIX II€CKOB, IIlepecilavBaloUMXCH
CO cJoeM rpaBusa

Puc. 3. O6HaxkeHne B npanoauHHOi Teppace B JI3emMbyBKe (Ha BOCTOK OT ITuibi)
1 — IIOKPOBHBIN MECOK M OCTAaTOYHLIE OTJIOIKEHMSA IIOCJIE SPO3MOHHOTO Cpe3aHusd
BaJIyHHON INIMHBL. AKKYMYJIATMBHbIE KapMaHbl, 2 — JIeJHMKOBad riauHa; 3 —
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Puc.

Puc.

Puc.

Puc.

Puc.

Puc.

Puc.

Puc.

caoucTbie (PIIOBUOMMIAIMOHHLIE IMECKU pas3Hoil dparkumu; 4 — MeJIKO3epPHUCTBIN
IIeCOK C MPOCJIOMKAMM KDPYMHO3EPHUCTOrO0 — yKJoH 32° Ha wor; 5 — cynechb .

4, ObHaxkeHue B BepxHell Teppace B Ilatepke (Ha ror or Hakio)

1 — TIOKpPOBHOE (OCTAaTOYHOE) OTJIOXKEHME — BaJYHbI, I'PaBuit; 2 — CBETJO-3Kej-
Thle CJIOMCThbIe IecKu; 3 — Oypad BaJlyHHasa rIMHA

5. ObHaxkeHMe B BepXHeil Teppace KMPIMYHOro 3aBoja MyKMHOBO (Ha IOI OT
Jpe3neHKa)

a — TOPU30HTAJIBHO CJIOUCTBhIE CBETJIO-3KeJThble pedHbIe IIeCKM; b -—— BaJIyHHUK
¢ KyCcKaMM mepepaboTaHHOV IJAMHBI; C — CBETJIO-IKeJNTble (IIOBMOIIAUMAIbHBIE
[IECKM € PA3HBIM YKJOHOM CJIO€B; d — CJION BallyHYMKOB, CUMIBHO JIMMOHUTUIMPO-
BaHHBIX I[I€CKOB U TIpPaBMA € AMArOHAJBHOM CJIOMCTOCTLIO M MHOTOUMCJEHHbIE
boablMe BalyHbI

6. ObGHaxkeHye B BepXHeit Teppace B MeitHOypr B ROJMHE HUIKHEro TeYeHMA
Oanper (TIP)

@ — MeJKO- U CPEeHe3ePHUCThIE MEeCKM ¢ HefACHOM ropmM3OHTaNbHON JaMuHaluen;
b — rpaBuit ¢ BaJlyH4YMKaMy ¥ OKaTaHHbLIE BaJIyHbI; MaJjio3aMeTHad TOpPM30H-
TaJlbHaA JJaMMHauMA; ¢ — MEJKO M CpeJHEe3epHMUCThIe IMEeCKMM, CJIOMCTble C M3MEH-
4YBBIM YKJIOHOM

7. T'pacbuk cpeaHet OKaTAHHOCTM 3€PeH HEKOTOPLIX TeppPacoBbIX OTJIOXKEHU
B npagoauHe HoTeuu—BapThbl, gonmHe HuUxKHero TedyeHnsa OApwl U AoauHe PaH-
noB (no u3aMepennsM B. CTAaHKOBCKOTIO)

a — IpajoNMHHAA Teppaca; b — nepexonHas NpajoJIMHHAs Teppaca; ¢ — BEpX-
HAA Teppaca; d — BepXHAA NepexoaHasa Teppaca (b)

8. Ob630opHaa mopdposorMyeckad KapTra YCTbA AOJUHBI JpBeHLbI

1 — BepxHAA Teppaca; 2 — BEPXHAA IepexoaHas Teppaca; 3 — 0Oojee HU3KaAA
cCpeAHAA Teppaca; 4 — HUIKHAA Teppaca; 5 — HaamnoiMenHasa Teppaca (II cry-
neHb); 6 — HajamoyiMeHHasa Teppaca (I cTynmeHb)

9. Pa3BuTtiue ceru OOauMH B ceBepHoit Iloabiie

a — nporjasanManepHas aza; b — nepexomHasa a3a, HadaJdbHBIL I3Tal; ¢ —
nepexonHaa ¢pasa, KOHewHbLDt sram. Pacxopsiumecs cTpejky 0003HAYAIOT MeECTa
oudyprammun

10. Teppacer npagoauubl Hoterpm—BapTel. O630pHble MOPAOJIOrMYECKMEe KapThbl
1 — MOpeHHOe IIJaTO M KOHEYHbIe MOPEHbI; 2 — ApeBHUE 3aHAPbI; 3 — 3aHAPO-
Badg Teppaca 1 npaaoamnHHasa (Treppaca V); 4 — npajojJmnHHas repexojaHas Teppaca
(reppaca IV); 5 — BepxHAA Teppaca (reppaca III); 6 — BepxHAA MNepexonHasa
Teppaca (b) mau Teppaca II; 7 — BepXHAA mepexogHaA Teppaca (a) uIM Tep-

paca I; 8 — mioHBI; 9 — TEPMOKapCTOBBIE BHaaMHbI; 10 — o3epa
JHo mpajgoamHbl U Gojee HM3KMe (MOJIOABLIE) Teppachbl, CBA3aHHbIE C JOJMHON

HuKHero TtedeHua Opxapel, He o6o3Hadenbl. IIndpsl ob6o3HavarT abcoOJIOTHYIO
BbICOTY. IIpM coCTaBiIeHMM HACTOALE) KapThl OBIIM JMCIIOJNBL30BAaHbI PE3YJILTATbI
uccaenosaunii B. Mpyseka, Cr. Koszapckoro, . Ilynpuumuckoro, I'. I'. Ocra,
T. JInarke, T'. JlemOk3, T. Baprkosckoro, B. Jammepa, B. KpbIroBCKOro u Apyrux.
11. IIpogonsHEN Npoduab Teppac npagoinHbl Horeuu—Baprbl ¥ JOJAMHBI HUXK-
Hero TeyeHusa Oppbl 1 PaHIoB

1 — nHo mpanoauHbl;, 2 — mnpaBobepezkHble Teppackl; 3 — JeBobeperKHbIe Tep-
pacel; 4 — Teppack! o obeuM CTOPOHaM pekn; 5 — obo3HaYeHMe Teppac B LU-
dpax; 6 — PEeKOHCTPYKUMUs APEBHEro AHA JNOJMH; 7 — TOopd; 8 — ydyacTOK Mpo-
dhuIa NepBUYHOrO AHA NPAAOJIMHBI, 9 — abCoJOTHAsA BLICOTA

http://rcin.org.pl
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Fig. 11. Longitudinal profile of terraces of the Note¢—Warta ice-marginal streamway
I=v5 ..., 6 t=-7 8 46-80 9 and of valleys of Lower Odra and Lower Randow
lp go I — bottom of ice-marginal streamway; 2 — righl-bank terraces; 3 — left-bank terraces; 4 — Lleriaces
on both sides of tiver; 5 — numeral designations of terraces; 6 — reconstruction ¢f former valley tlours:
7 — peat; 8 — fragment of profile of ariginal valley floor: 9 — absolute heights
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Fig. 10. Terraces of Mote¢—Warta ice-marginal streamway. A morphological map
1 — moraine plateau and end moraines; 2 — older outwash sands; 3 — outwash- and ice-marginal
streamway terrace (terrace V); 4 — ice-marginal streamway transition lerrace (terrace 1V); 5 — upper
terrace (terrace III); 6 — upper transition terrace (b), or terrace II; 7 — upper transition terrace (a},
or terrace I; 8 — dunes; 9 — meltwater kettles; [0 — lakes
The bottom of the ice-marginal streamway and lower (younger) terraces, connected with the Lower Vistula
valley, have been left unmarked. Numerals denote absolute heights. In compiling the present map,
the results of the investigation conducted by the following authors have been taken into consideration:
T. Bartkowski, B. Dammer, St. Kozarskt, B. Krygowski, H . Liedtke, Il Lembke,
W. Mrézek, H  G. Ost, J. Szupryczyhski
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